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CHAPTER I. INTRODUCTION 
The Problem 
The magnitude of the nutritional problem in Peru is evident from data 
published in I96O by the Institute de Nutricion. The data show that of a 
sample of 942 families interviewed: 
28.7/0 consumed less than 75^ of the recommended daily calorie 
requirement, 
33-7^ consumed less than 75/^ of the recommended daily protein 
requirement, 
84.8^ consumed less than 75^ of the recommended daily calcium 
requirement, 
57-31 consumed less than 75$ of the recommended daily vitamin "A" 
requirement, and 
30.8^ consumed less than 75$ of the recommended daily vitamin "C" 
requirement (6). 
It should be noted that these figures are conservative because the 
Coastal, Sierra, and Selva regions were not correctly weighted in propor­
tion to population. Only about 35^ of the 9^2 persons included in the 
sample came from the Sierra, while in reality approximately 57$ of the 
population lives there. Consequently, if the figures on caloric intake 
are weighted according to correct population proportion, one finds that 
kO$ of the people in Peru consume less than 75$ of the recommended daily 
calorie requirement. 
2 
Inadequate calorie intake indicates insufficient diet, which may-
result in: 
(1) lower productivity and hence less earning power, 
(2) lower capacity to absorb education and learn new skills, and 
(3) lower GNP and net investment and a resulting decrease in the rate 
of growth of the economy. 
Overcoming the problem of insufficient nutrition will require, among 
other things, an increase in the national production of food and/or 
increase in the iitçorts of foodstuffs. Increasing imports of foodstuffs 
conflicts with the national goal of decreasing imports, and for this 
reason it is not a reasonable long-term alternative. Peru will therefore 
have to concentrate on increasing the national production of food. 
Two possible ways of increasing national food production are to 
increase the area of cultivation and to raise crop yields per acre. Peru 
is attempting both methods. Resettlement plans are being conducted to 
move workers into new areas which are being developed for cultivât ion. The 
Government is also attempting to increase farm productivity by encouraging 
the use of fertilizers, better seeds and improved farm practices. However, 
due to cost and time involved it appears that "in the short run,^ 
meaningful increases in food production through new land expansion . . . 
are virtually impossible. Thus, any short run gains in agriculture must . 
1 
Where short run is defined as up to three years. 
3 
be achieved almost completely through increased productivity" (l^b). 
By increasing the use of fertilizer, Peru could substantially reduce 
the import of foodstuffs. The figures from I963 indicate that Peru 
imported: 
(1) 22,200 metric tons of vegetables and tubers of which 20,080 
metric tons were potatoes, 
(2) 401,610 metric tons of cereals and beans of which 302,300 metric 
tons were wheat, 
(3) 37,400 metric tons of fruits, 
(4) 131,570 metric tons of meat and fish products of which 32,690 
metric tons were beef and beef products, and 85,5^0 metric tons 
were milk and milk products, and 
(5) 18,120 metric tons of fats and oils of which 13.780 metric tons 
were pork lard. 
According to experts familiar with the effects of increased fertilizer 
use, yields of potatoes and wheat in many areas of the country could be 
tripled, and yields of many other crops might be doubled. If this is true, 
Peru could become a net exporter of some food products now being imported, 
and the imports of nany others could be greatly reduced. For example, 
with the proper use of adequate amounts of fertilizer in I963, Peru 
could have been a net exporter of potatoes. Imports of wheat would have 
been substantially reduced. Peru could have been a net exporter of fruits 
instead of inçorting 3^ of its national consumption. Progress toward self-
sufficiency in milk and meat production would be evident if fertilizers 
had been used on pastures and feed grain crops. 
4 
There is no complete set of data available that gives production 
functions for the major crops in Peru. Some work has been done on 
2 
potatoes and com by Servicio de Investigacion y Promocion Agraria and 
the North Carolina Mission. Some preliminary results show that it is 
profitable to use up to 240 kilograms of nitrogen, 240 kilograms of P^O^ 
and 144 kilograms of K^O per hectare on potatoes if the land is deficient 
in PgO^ and .K^O. Use of these fertilizers would be profitable even with 
the low farm price of potatoes (S/. 1.00 per kilo) and the current prices 
of N, PgO , and K^O (l6). 
Dr. Donovan Waugh of the International Soil Testing Laboratory at the 
S.I.P.A. Experiment Station, La Molina, has summarized data from 112 
individual field observations in com which were collected by the Plan 
Costa Credit Evaluation Group. His data show that returns to N and P^O^ 
per dollar invested in fertilizer for the 112 observations were $1.88 
and $1.58, respectively. When the observations were broken down into 
two groups — those soils high in P^O^ and those low in P^O^ — the soils 
low in PgO^ showed a return of $2.13 for every $1.00 invested in P^O^ 
and a $1.48 return for every $1.00 invested in N'. The fields high in 
PgO^ showed a $2.31 return per $1.00 invested in N versus a $0.34 loss 
per $1.00 invested in P^O^. For more detail see Table 1.1. 
CONAFER has been able to show by field trials in the five southern 
departments of Peru that small applications of N, P^O^, and K^O can sub­
stantially increase yields. It is not possible to make an economic 
2 
Agricultural Investigation and Promotion Service. 
Table 1.1. Response of corn on the Coast of Peru to nitrogen and phosphorous fertilization as a 
function of soil phosphorous level measured by soil test, I967 
Fertilizer 
applied 
N-
-
KgO 
( K g / H a . )  
Increase over 
check 
Corn Crop 
yield Yield value^ 
(Kg/Ha.) (Kg/Ha.) US$ 
Cost of fertilizer 
applied^ 
Net profit from 
fertilizer 
N 
US$ US$ 
N 
US$ US$ 
Net return 
per dollar 
invested in 
fertilizer 
us$ us$ 
All soils 
Check 
140-0-0 
142-52-0 
1,435 
3,011 
3,428 
1,576 
1,993 
78.80 
99.65 
42.00 
42.60 13.42 
36.40 
36.40 7.53 
N 
1.88 
1.88 1.58 
Soils low in P 
by soil test 
144-0-0 2,715 1,280 64.00 43.20 
149-65-0 3,406 1,971 98.55 44.70 16.25 
20.80 
20.80 16.80 
1.48 
1.48 2.13 
Soils high in P 
by soil test 
136-0-0 3,318 1,&% 94.15 fKXEK) 
135-4-0 3,450 2.015 100.75 40.50 10.00 
53.35 
53.35 3.10 
2.31 
2.31 0.66 
"^ta supplied by Plan Costa (S.I.P.A.), (N.C. State University Mission, USAID Peru), as 
part of survey of small and medium-sized operation farmers receiving supervised loans. Data 
summarized from 112 individual field observation in corn, by Dr. Donovan Waugh of the International 
Soil Testing laboratory. 
^alue of corn calculated US$0.05 per Kg. 
^Cost of fertilizer calculated $0.30 per Kg. N, $0.25 per Kg. P^O^. 
6 
evaluation of this data because there were no soil tests to group the 
plots into respective categories for analysis. However, on the average, 
crop yields increased from 20^ to 100^ with a weighted average of about 
80$. 
Current fertilizer application is mainly nitrogen. There are very 
little chemical phosphate and/or potash fertilizers used in Peru. The 
known soil fertility in Peru is illustrated in Table 1.2 and Maps 1.1 
and 1.2. 
Even though the data are not complete nor in the proper form, it 
appears fertilizer use can be and is profitable. 
Cbjactives of This Study 
Since about I96O the Peruvian Government has shown considerable 
interest and concern in fertilizer use. This interest has resulted in 
the completion of several inçortant studies of Peru's fertilizer industry 
(1), (2), and (15)- Although these studies contain much information on 
production techniques and possible production sites, they have not tried 
to determine the best overall integrated production and distribution 
system for simple fertilizers in Peru. The main purpose of the present 
study is to use the information from the above studies in an attempt to 
determine how to coordinate the production and distribution of fertilizer 
to minimize the cost of fertilizers to the farmer. This is a relevant and 
irrçortant step which is in harmony with the overall goal of increasing 
food production in Peru. When placing fertilizer plants, the demand for 
7 
Table 1. 2. Summary of soil fertility measured by soil tests (by 
agrarian zones), Peru, I968* 
Zone 
Number of sançles 
tested 
Percent of soil sanples 
low in "P" 
Percent of soil 
sarcles low in 
"K" 
1 189 46 15 
2 123 46 7 
3 323 51 26 
4 550 48 31 
5 136 62 8 
6 143 66 4 
7 l,i38 70 2 
8 60 80 85 
9 17 70 65 
10 132 63 61 
11 733 51 45 
12 29 
4,003 
31 5 
*Source: Donovan Waugh, International Soil Testing Laboratory at 
the S.I.P.A. Experiment Station, Lima, Peru. Preliminary report. 
Private communication. I967. 
8 
». *. 
V 
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ïiïl 
PERCENT OF SOU SAMPLES 
LOW IN P 
« - f 
K~ 50% !  
0 - 25"/» ! 
MAP. Î.1 PHOSPHORUS SOIL FERTILITY OF PERU, 1967. 
source: INTERNATIONAL SOIL TESTIHG LABORATORY, SlPA, LA MOLINA. t9S7. 
9 
PERCENT OF SOIL SAMPLES 
26 - 5C ®/» 
0 - 25 Vc 
MAP. 1.2 POTASSIUM SOIL FERTILITY OF PERU. 1967. 
SOURCE : INTERNATIONAL ÎOIL TESTING LABORATORY, &!f%, LA MOLINA. 1967. 
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fertilizers must be located, and their distribution costs must be con­
sidered. If not, valuable foreign exchange is likely to be invested in 
uneconomic locations, forcing farmers to pay higher prices for fertilizer 
and thereby reducing the amount of fertilizer use. In locating fertilizer 
plants and determining quantities that should be produced at each site, 
this study will use linear programming as the basic tool of analysis. 
Some of the questions to be considered will be: 
(1) What is the minimum cost method of producing and distributing 
fertilizer in the immediate future using current facilities? 
(2) When and where should new fertilizer plants be built to 
minimize on-farm fertilizer cost? 
(3) What should the capacity of the new plants be to minimize on-
farm fertilizer costs? 
(4) What should be the national policy with respect to fertilizer 
imports? 
(5) How can the national production of guano de islas best be used? 
(6) How can use and productivity of fertilizer on food crops be 
increased? 
To answer the first five questions in a linear programming framework, 
one must first select consumption regions, production sites and production 
techniques. One must then determine demand by regions, production costs, 
and transfer costs. The accuracy with which these five questions can be 
answered depends both upon the accuracy of data on demand and costs and 
upon the size of the problem that can be solved on available congiuting 
facilities. The data on demand and costs appear to be reasonably accurate. 
11 
An IBM 1620 is available and should allow consideration on up to 3 pro­
duction sites for each of the basic fertilizers, nitrogen, phosphate, 
and potash, and on up to I3 consumption regions. When one considers that 
there are only relatively few places where fertilizer inputs are located 
in Peru, this appears to allow sufficient detail. 
This study will also attempt to analyze the present production and 
distribution system and to suggest policies which could encourage the 
production and use of fertilizers in Peru. The structure, conduct and 
performance of both the private and public sectors will be studied to 
determine weaknesses in the present system which can be corrected by 
governmental action. This approach will require infoimation on the 
present number of production units, their size, location, investment, 
profits, value added, employment, growth of output, pricing policies, and 
distribution policies, as well as consideration of governmental restric­
tions on the national fertilizer industry. 
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CHAPTER II. THE EXISTING SUPPLY SYSTEM 
Structure of the Domestic Industry 
The fertilizer supply system as it existed until recently consisted 
of: four or five relatively small private firms; three public agencies 
— COMFER (National Fertilizer Corporation), Fabrica de Fertilisantes 
Nitrogenados del Cuzco, and S.I.P.A.; and numerous importers. The small 
private firms, CONAFER and Fabrica de Fertilisantes Nitrogenados del 
Cuzco will be discussed first. The importers and S.I.P.A. will be 
treated under distribution. 
Private domestic industry 
Abonos Completes S.A., located on the Central Highway just outside 
of Lima, was organized in I96I to produce mixed fertilizers. The rated 
capacity of this firm is I80 metric tons per day of mixed fertilizers. 
Here, phosphate rock was ground, sprayed with sulfuric acid, and mixed 
with purchased fertilizer to make various formulas. Due to insufficient 
demand and relatively high production costs, this plant shut down in the 
last half of I966. 
Agrobal S.A., which is located in the Lima-Callao area, is not 
listed on the official registers as a fertilizer producer. It is men­
tioned only because in I963 it reported fertilizer sales of about $1,870. 
Fertilizantes Sinteticos S.A., known as FERTISA, is located in 
Callao. Its rated capacity is 18,000 metric tons of nitrogen per year. 
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FERTISA produces the following four basic products: 
(1) ammonium nitrate 33-5^ N - 45,000 metric tons, 
(2) ammonium sulfate 21^ N - 15,000 metric tons, 
(3) some commercial ammonium nitrate, and 
(4) some nitric acid which is sold for explosive purposes. 
Industrias Quimicas Basicas S.A., INDUS, appears to be the best run 
of the major fertilizers producers in Peru. It is located beside 
FERTISA and appears to be its subsidiary. The President of FERTISA is 
Vice-President of INDUS and vice versa. INDUS supplies FERTISA with 
sulfuric acid for its ammonium sulfate production. FERTISA supplies 
INDUS with nitrogen for its mixed fertilizer production. 
The rated capacities of INDUS are: 
(1) 75 metric tons of sulfuric acid per day, 
(2) 100 metric tons of superphosphate (calcium) per day, (20^ P^O^), 
and 
(3) 240 metric tons of con^ete fertilizers per day. 
Rayon Peruana is also located in Callao. It produced superphosphate 
(calcium) as a minor production line until January 196?. Due to an 
insufficient demand and relatively high production costs, the super­
phosphate plant was shut down. This firm has the following production 
capacities : 
(1) 1,300 metric tons of rayon thread per year which utilizes a 
production capacity of 100 metric tons of sulfuric acid 
The sulfuric acid production has been shut down. These firms now 
buy sulfuric acid from Cerro de Pasco Corp. 
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(commercial grade) per day, 
(2) carbon sulfide, 99^ of which is used as an input for rayon 
production, 
(3) 30,000 metric tons of superphosphates (calcium) per year (20^ 
' , V '  
(4) ammonium hydroxide, sulfuric, chloric, and nitric acid, and 
(5) 14,000 metric tons of aluminum sulfate. 
Public sector 
Ihe public fertilizer supply sector started in 1909 with the formation 
of the Guano Administration Company which was 51/^ public and 49^ private. 
This Conçany was given the sole right to harvest and sell guano de islas 
and/or any other fertilizer material in Peru. It was managed by the 
private sector until its acquisition by the Military Junta in I963. 
After the acquisition, it was called Corporacion Nacional. de Fertili-
zantes, CONAFER, and was run by the public sector. It is now an autono­
mous governmental agency which does not receive any public funds. One 
of its functions is to harvest and sell guano de islas and imported 
fertilizers. Fifty percent of its annual "profits" are turned over to 
the budget of the Supreme Government. 
CONAFER has two stationary and six mobile plants.^ The mobile plants 
have a milling capacity of 7 metric tons/hour when grinding and processing 
n 
This plant was shut down January 1st, 1967. 
^The number of these plants vary according to needs. CONAFER builds 
them for a cost of about $2,000 each. 
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guano. These plants are used to grind guano and make guano balanceado, 
"a balanced guano mix" used on the islands and points. The stationary 
plants also have mixing facilities to balance guano. Each stationary 
plant at Pisco and Callao can grind and process guano de islas or produce 
guano balanceado at the rate of 30 metric tons per hour. 
The Fabrica de Fertilisantes Nitrogenados del Cuzco, (hereafter 
referred to as the Cachimayo plant) is located near Cuzco in a small town 
known as Cachimayo. It was constructed for the Development and Recon­
struction Corporation of Cuzco, CEÏF. The rated capacity is 13,000 
metric tons of nitrogen annually in the form of ammonium nitrate. 
Performance of The Domestic Industry 
Public s ect or 
In 1909 the Compania Administradora del Guano (Guano administrative 
company) was formally organized by the sale of stock, of which the 
Government held 50.01^ and the private sector 49.99^»^ This company was 
managed by a board of directors composed of five members elected in a 
stockholders' meeting: one representative of the Government; one repre­
sentative from the National Farmers' Society; and two members from the 
Peruvian Corporation. 
Stock was sold at 10 soles, one Peruvian pound, which at that time 
was equal to the pound sterling. 
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The Guano Administrative Company was given the sole right to harvest, 
distribute, and sell guano de islas and/or any other fertilizer. Its 
net earnings were distributed as follows: 
(1) the private share holders received a 10^ dividend on the face 
value of the share, 
(2) the Government received the remainder of the net earnings. 
At its organization, its financial assets were listed at 300,000 soles. 
Its capital assets in 1962 were listed as S/.73.356,657, or about 
$2,732,000.? 
In 1963, the Military Junta purchased the private shares of the 
Compania Administradora del Guano at the original sale price, one Peruvian 
8 
pound (worth $0.37 in I963). This acquisition created the Corporacion 
Nacional de Fertilizantes, CONAFER, which was given the following basic 
responsibilities : 
(1) to produce, exploit, acquire, sell, and distribute all types of 
fertilizers that are necessary for the national agriculture; 
(2) to export any excess fertilizer production (guano or commercial 
produced by the State); 
(3) to study and determine national fertilizer needs and the means to 
supply them; 
y 
The exchange rate used in this study is S/.26.80 per US$1.00. 
e Compania Administradora del Guano was authorized to exist only 
until the Government paid the debt contracted when it took over the private 
company which had been harvesting the guano. This debt was paid around 
1959-1960. 
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to investigate, promote, and develop studies of new sources of 
fertilizer minerals and fertilizer production; 
to exploit and distribute guano de islas and any other substance, 
mineral or organic, appropriate to use as fertilizer which is 
the property of the State; 
to conserve, protect, and defend the basic elements of supply, 
especially the marine birds; 
to produce and sell chemical, organic, and mixed fertilizers of 
appropriate formulas for the diverse agrarian zones and crops 
using guano as a base for the mixed fertilizers ; 
to acquire all types of fertilizers and substances necessary to 
produce fertilizers of the above mentioned products; 
to study, promote, maintain, and increase or decrease the export 
market for guano according to price policies, quantity available, 
and quality of guano; 
to determine fertilizer prices of the products produced and sold 
by the Corporation to the domestic agriculture and to establish 
equitable price differentials in relation to the destination and 
market prices of ag-products (food crops are to receive special 
treatment); 
to assist and advise farmers on proper fertilizer use, soil 
analysis, irrigation and cropping systems inspection, and to 
indicate the charge or subsidy for these services; 
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(12) to extend credit for purchases of fertilizers, especially for 
the small and medium-size farmers; and 
(13) to iirport tax free (except for a 5^ commission) the necessary-
fertilizers to supply the demand in excess of domestic produc­
tion. 
Table 2.1 summarizes profits, depreciation, and changes in fixed 
capital assets since I96I in the public sector. Table 2.2 lists some of 
the more recent investments made in the public sector. 
The Cachimayo plant came into existence as a result of several forces. 
Studies by Heide (13a) and Gaucher (11) suggested the establishment of a 
fertilizer industry in Cuzco. This was based to a large extent on a 
previous study done by Bedhomme and Sancery (reference not available). 
Table 2.1. Profits, depreciation and investment in the fertilizer indus­
try, Public Sector, in S/.1,000, I96I-I965, Peru* 
1961 1962 1963 1964 1965 
Profits^ 84,803 64,255 84,736 60,636 16,720 
Depreciation 11,312 11,845 11,729 19,270 27,315 
Fixed capital 70,816 73,357 72,696 93,364 106,200 
*Sources (?) and (9a). 
Note: There appears to be no charge for capital. For more detail 
see original sources. This does not include Cachimayo. 
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Table 2.2. Recent investment by the public sector 
facilities, 1951-1965. Peru* 
in fertilizer 
Year Location Investment S/.1,000 $1,000 
195] Callao Plant to grind guano 2,500 90.7 
1957 Pisco Plant to grind guano and 
make guano balanceado 19,993 745.0 
1957 Callao Original plant replaced with 
plant to grind guano and 
make guano balanceado 9,991 369.0 
1961 Callao Uric acid pilot plant 2,082 77.5 
Purchase of boats 7,434 276.5 
1965 Cachimayo Ammonium nitrate plant (13,000 
metric tons of nitrogen per 
year) 647,526 24,116.0 
^Source (7), (10). 
On the basis of a feasibility study for a hydroelectric plant located 
on the Urubaitiba River near Machu Pic chu, C.R.Y.F. received permission to 
accept bids for the construction of a six stage plant of 120,000 KW 
(20,000 KW each stage). When the first stage was nearly ready, a survey 
was taken to determine where the electricity was to be sold. The result 
showed a demand for only 5.000 KW, 25/^ of the capacity of stage one. In 
an attempt to get a high electrical consuming industry to pay for the 
electrical plant, C.R.Y.F. accepted a bid by a group of German firms to 
build a hydrolitic ammonium nitrate plant. 
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This plant was estimated to need about 27j000 KW. It appeared to be 
the key of success for the hydroelectric facility and was accepted because 
it: 
(1) could sell fertilizer produced nationally to pay for the 
electrical power used, 
(2) would provide employment and fertilizer to the farmers in the 
area, 
(3) agreed with a study showing that Cuzco should be a chemical pro­
duction center, 
(4) would be an additional national production facility and would 
help induce more industrial growth in the Cuzco area, and 
(5) would save foreign exchange. 
At the time of the ground breaking, very little commercial fertilizer 
or guano de islas was used in the Cachimayo "area of influence". Some 
demonstrations were undertaken and appeared to be quite successful. They 
were not continued. Consequently, upon opening in 19^5t only ten percent 
of the new plant's potential nitrogen capacity was consumed in all of 
southern Peru. Since coming into production in 1965. this plant has pro­
duced approximately 20,000 metric tons of ammonium nitrate (26^) and 11,000 
metric tons of ammonium nitrate (33•5/^)' It has sold 13,000 metric tons 
of ammonium nitrate (26$) to S.I.P.A. at S/.1,300 per ton, of which 7,000 
metric tons have been delivered. An additional 5»000 metric tons of 2è$ 
N have been sold by C.R.Y.F. All of the 33•5/^ N has been sold and 
delivered at S/.1,800/MT FOB plant. 
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Production has been sporadic and expensive because of generator 
problems at the power source. This has been used as one reason for not 
producing more fertilizer. However, within a short time after coming on 
stream, Cachimayo's warehouse was filled and is still full of ammonium 
nitrate produced in 1965. In May 196? the plant shut down for lack of 
working capital. The workers had not been paid for two months. There 
was no money to buy sacks to deliver the rest of the 13,000 metric tons 
purchased by S.I.P.A. early in 1966. 
Total enployment in the public fertilizer sector is about 76O people. 
In addition, CONA.FER ençloys from 1,000 to 4,000 seasonal laborers to 
harvest guano from the points and islands. 
According to the laws that created CONAFER and C.R.Y.F., the public 
sector is not to make profits per se. However, CONAFER is alloifed to 
charge a 5^ commission over its costs. At the end of the year CONAFER is 
required to turn over 30^ of its net returns to the Supreme Government. 
The other 50^ is to be used for investment purposes. For more detail on 
profits reported by CONAFER see Table 2.1. 
Even though it is not possible to calculate Cachimayo's profits or 
losses accurately for lack of complete data, rough estimates are available 
from budgeted expenses. Income from the above mentioned sales in I966 is 
estimated to be S/.23,400,000 (on the basis of total sales to S.I.P.A.) 
while budgeted expenditures were s/.128,491,359. On the basis of the 
above mentioned costs (including other variable costs) Cachimayo lost 
S/.119,159,581 ($4,438,000) in 1966. For more detail see Table 2.3-
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If Cachimayo had produced and sold all of its production at its 
originally estimated FOB price of S/.2,800, its total income for I966 
would have been S/.109,200,000, just barely enough to cover the amortiza­
tion and interest costs. 
îhe production of the old Guano Administrative Company and CONAFER 
since 1958 is given in Table 2.4. Basically, the supply and production 
of guano is a function of the number of guano birds. 
Table 2.3. Estimated income and cost of production for the Cachimayo 
plant in soles, I966* 
Type Expenses Sales 
Wages and Salaries 14,388,322 
Contract personnel and administra­
tive costs 2,778,266 
Social sec. payments 1,343,073 
Electricity 9.394,896 
Other 10,415.118 
Finance costs 104,239,946 
Total 142,559.581 
Sales 23,400,000 
Estimated loss 119,159,581 
* 
Source (10). 
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Private domestic fertilizer sect or 
It is difficult to evaluate the performance of the private domestic 
fertilizer sector because of conflicting data. As shown in Table 2.5. 
the private sector reported gross profits on investment of 20$ and 30^ 
respectively in I963 and 1964. However, data in Table 2.6 show that a 
loss of $2,274,000 was declared for the period I96O-I963 with a -10^ 
return on investment for I963. However, substantial dividends were paid 
each of these years. This was possible because two of the three firms 
made profits. 
Table 2.4. Sales of guano to the domestic agriculture, by type in metric 
tons, I958-I965. Peru* 
National sales^ 1958 1959 i960 1961 
Guano rico 145.332 101,224 121,208 121,652 
Guano pobre 15,750 20,369 27,965 16,757 
Guano balanceado 15.608 29,453 23,583 21,179 
Guano processed 47,234 31,196 36,580 38,507 
National sales^ 1962 1963 1964 1965 
Guano rico 128,259 178,030 166,899 145,921 
Guano pobre 20,103 10,086 13,815 7,907 
Guano balanceado 16,044 8,850 11,597 7,556 
Guano processed 33,968 54,550 48,669 39,523 
^Sources (?) and (9a). 
^Note: These columns cannot be summed. Part of the guano that is proc­
essed, part of "the guano rico, and part of the guano pobre are used in • 
guano balanceado. 
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Table 2.-5= Etrployment, wages and salaries, investment, costs, value of 
sales, gross profits, and value added in the private fertilizer 
sector in 1,000,000 soles in Peru, 1961-1964 
Row 1961 1962 1963 1964 
1 Employment 495 569 495 502 
2 Wages and salaries^ 32.9^ 32.4 
3 Capital 269.7 297.5 286.9 319.9 
4 , Depreciation 
Raw materials 
27.0^ 29.9^ 
5 National 30.7 39.6 27.2 40.5 
6 Foreign 26.2 21.5 16.3 12.5 
7 Other costs 28.1 8.2 33.4 19.6 
8 Total production costs 
as reported 104.7 94.8 
9 Total costs calculated 
2 + 5 + 6 + 7^ 
112.2^ 149.2^ 
109.7 107.6 
10 Total sales 163.7 195.9 
11 Change in inventory 1.2 5.2 
12 Value added 113.0 139.3 
13 Gross profits (10 - 8) 59.0 101.1 
14 Gross profits (10 - 9) 54.0 88.3 
Includes some social benefits paid by employers. 
2 
Some values were estimated on the basis of previous or succeeding 
years. 
3 Reported as value of production. 
4 
Figures may not sum due to rounding errors. 
Source (18). 
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Table 2.6. Total profits and dividends paid by three stock companies in 
private sector of the fertilizer industry, in 1,000, I96O-
1963, Peru* 
i960 1961 1962 1963 
Profits 
-1,309 -679 -137 -127 
Dividends 178 199 212 211 
*Source (5a). 
The total effect which the fertilizer industry had on the economy in 
terms of employment and output is negligible, as shown in Table 2.7. 
Domestic farmers also paid higher prices because of additional inçort 
duties on imported fertilizers which were then turned over to the domestic 
producers as a subsidy. In I96I this amounted to $260,000, as reported in 
the Memoria of the Guano Administrative Company of that year. The amounts 
paid in 1962-1964 are not available. These subsidies were not put into 
effect for 1965, but were paid again for a short period of time in I966. 
Currently, they are not in effect. For more detail see the section on 
governmental restrictions under Conduct of the Industry. 
Table 2.8 shows the investment pattern in the private sector of the 
Peruvian fertilizer industry. Fertilizer production began in 1957 with 
the production of calcium superphosphate. A second firm entered in 1959 
and started production of calcium superphosphate in about I962. A third 
firm began production in I96I or 1962; it made various formulas by finely 
grinding phosphate rock to mix with other purchased finished fertilizers. 
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Table 2.?. Selected criteria relating the private fertilizer industry to 
the chemical sector and to all manufacturing in I96O and I963, 
Peru * 
Fertilizer 
industry as 
a percent of 
chemical 
sector 
1961 
Fertilizer 
industry as 
a percent of 
chemical 
sector 
Fertilizer 
industry as 
a percent of 
all manu­
facturing 
Fertilizer 
industry as 
a percent of 
all manu­
facturings-
Employment 4.7 0.4 3-0 0.2 
Wages and salaries 7.8 0.7 7.1 0.5 
Value of production 4.9 0.5 7.9 0.5 
Raw materials 
Domestic 4.4 0.4 (if {if' 
Ijjçorted 5.3 0.8 (1) (1) 
Source (19). 
^Note: Manufacturing industry produced 19.6^ of GNP in 1964. 
^(1) Not available. 
The first domestic nitrogen producer began production in I96O. Table 2.9 
shows investment in the Peruvian fertilizer industry. For a summary of 
private domestic fertilizer production see Table 2.10, 
Private sector nitrogen output increased to about full capacity by 
1965. Its output of mixed and phosphate fertilizers has leveled off to 
about one-third of the existing capacity. These firms have not provided 
any services or information to farmers or distributors, although they tend 
to market their products through the distributors. The only known service 
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Table 2.8. Investment in the private fertilizer sector by individual 
firms, in S/.1,000, 1948-196$, Peru* 
Rayon Peruana Pertisa Indus Abonos 
S.A. Complet OS 
s/. S/. S/. s/. 
1948 18,000 
1951 25,000 
1952 
1953 
1954 
1955 
1956 29,600 
1957 
1958 6,000 
1959 14,740 6,900 
i960 20,904 
1961 16,000 
1962 24,120 10,000 
1963 22,000^ 
1964 30,650 
1965 46,120 
*Source (5a). 
Authorized as of February I963. 
Table 2,9. Apparent total investment in the fertilizer industry, 1957. 
Peru 
Sector Soles (1,000,000) US$ 
Private 298.7 11.1 
Public 753.7 28.1 
Total 1,052.4 39.1 
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Table 2.10. Total production of fertilizer in metric tons, 1957-1965. 
Peru* 
Fertilizer 195? 1958 1959 I960 I96I 
Ammonium nitrate - - - 11,336 16,299 
Ammonium sulfate - - - 12,570 14,326 
Super phosphat e 
(calcium) 213 6,277 12,800 19,693 17,569 
Fertilizer 1962 1963 1964 1965 
Ammonium nitrate 18,348 18,585 23,217 37,120: 
Ammonium sulfate 11,833 12,133 15,758 22,000 
Super phosphate 
(calcium) 18,809 17,961 17,152 15,984 
*Source (14). 
^Sales. 
that distributors have provided to the farmers is credit. 
Prices of these domestic products are from 30$ to 50^ higher than 
similar imported products. These higher prices have been possible because 
of import restrictions and/or high tariffs. 
Profits of the private fertilizer producers as a sector have been 
negative, due to high losses from one producer. It appears that the other 
producers have been able to show a profit and to pay dividends. 
There has been very little or no promotional effort by the domestic 
producers. Ihe nitrogen producer can sell all of its output without promo­
tion due to import restrictions. The phosphate and mixed fertilizer pro­
ducers can sell at relatively high prices due to high tariffs, and they 
apparently do not realize the need to promote their products. Consequently, 
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there has been a lack of demand for their products, and two of these 
producers have been forced to shut down. 
Thus, the private sector has not performed well in terms of increased 
output, services and/or information to farmers, prices, and profits. 
Conduct of the Domestic Fertilizer Industry 
Pricing policies 
Fertilizer price policies can be divided into four major groups: 
one for private domestic production; one for public domestic production; 
one for guano de islas; and one for imports. Price policy for private 
domestic producers is based on a percentage mark-up over costs or on the 
cost of a competing product which is placed in the buyer's warehouse 
after all costs, including irçort duties, have been paid. When prices are 
based on the second method, they are usually fixed by Supreme Decrees. 
Prices for private domestic production (I966-67) are given below in metric 
tons FOB plant except as noted. 
Soles/metric 
tons9 US$ 
Days of 
c redit 
ammonium sulfate 1,900 70.90 120 
ammonium nitrate (33'5-0-0) 2,700 100.50 cash 
ammonium nitrate (33•5-0-0) 2,890 107,64 180 
superphosphate (0-20-0) 
Arequipa 1.280 47.67 180 
^There is a yjo discount for cash sales except for the cash price on 
ammonium nitrate. 
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180 
180 
180 
180 
180 
180 
There appears to be no price leadership per se in the private sector. 
All major distributing firms quote the same price for domestically pro­
duced fertilizers. This price is fixed by the manufacturer or by 
Supreme Decree and includes an 8-10^ mark-up for the distributor. Of 
this, the distributors net about 2$. (This is before deducting bad 
debts.) All firms interviewed felt that competition should not be in 
the form of price cutting. 
Inçiort price policies vary by type of sale. Revenue from stock sales 
has to cover a 5$ stamp tax (turnover tax), storage, and handling costs, 
which results in higher prices than sales by direct order. When dealers 
sell by direct order on a $CIF^^ basis, they receive a commission from 
the factory. The farmer must then take the responsibility of clearing 
the fertilizers, paying for port charges, and transporting to his ware­
house. To evade the 5^ stamp tax, almost all nitrogen sales by importers 
are by direct order. 
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This price includes freight to Piura. 
means that cost of insurance and freight is paid to the buyer's 
dock. The buyer must pay for unloading costs. 
Cuzco 1,280 47.67 
Piura^O 1,650 61.45 
rest of Peru 1,400 52.14 
mixed fertilizers 
16-16-0 2,750 102.42 
12-12-12 2,800 104.28 
10-8-18 2,850 106.15 
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The projected prices for public production (Cachimayo) were based on 
estimâted costs necessary to cover amortization, interests, and produc­
tion. However, it was impossible to sell at the resulting price (about 
S/.2,800 per metric ton), so the price for Cachimayo's production was fixed 
by Supreme Decree. One decree fixed the minimum price at S/.1,800 per 
metric ton of ammonium nitrate. The other Supreme Decree fixed the 
maximum price as $314.00 (S/.2,824) per metric ton of nitrogen FOB 
Cachimayo. 
Guano de islas prices are fixed by Ministerial Resolution. Currently 
(1967) they are as follows: 
Guano de baja ley (less than 10^ nitrogen) 
a. - 5 to 6.99^ nitrogen S/.7OO/MT ($26.12) 
b. - 7 to 9.99# nitrogen S/.8OO/MI ($29.85) 
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plus sacks at S/.20.00 each (about $0.76). Guano fosfatado sells for 
S/.7OO per metric ton ($26.07) plus sacks. Guano azoado (15^ or more 
nitrogen) is sold at S/.1,900 per metric ton gross weight. Guano rico 
(10 to 14.99^ nitrogen) is sold per unit of nitrogen (10 kilograms) as 
follows : 
a. S/.40.00 ($1,49) to farmers that have five hectares or less, 
b. S/.50.00 ($1.87) to farmers that have 5 to I5 hectares, and to 
any large farmers for use on food crops, and 
c. S/.70.00 ($2.61) to large farmers for use on industrial crops. 
1 P Due to a recent drop in guano production, this was the only type of 
guano available in I966 and 1967 to large farmers. In I966 only small 
farmers received guano rico. 
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Guano balanceado is sold for nitrogen, phosphate and potash content on 
a net weight basis. Nitrogen and phosphate are sold for S/.80 per 100 
kilograms ($2,61). Potash is sold for S/.60 per 10 kilograms ($2.24). 
(Sacks are sold as above.) Guano balanceado comes in a 12:9.5:1.5 ratio 
and costs S/.1,810 per metric ton (net) plus S/.290 for sacks, a total of 
S/.2,100.00 per metric ton ($76.87). 
Import price policy is fixed by law for the public sector. CONAFER 
is allowed to charge a 5^ commission over GIF prices and all other 
associated costs, such as unloading, storage, sales, and distribution. 
The general pattern is for CONAFER to set the selling price at its cost 
for the fertilizer, which includes I80 days of credit and the other related 
costs. 
Import prices (approximate as of 196?) are given below: 
$CIF Public 
77.00 _ 82.00 123.00 
45.00 
72.50 
81.50 
77.00 
Prices of imported nitrogen fertilizers are held down by the Government's 
low price policy. 
Urea 
ammonium sulfate 
Potassium chloride 
Potassium sulfate 
Triple superphosphate 
70.90 
Private 
no stocks 
no stocks 
114.00 
130.00 
prices not established 
Distribution systems 
Fertilizer distribution systems in Peru can be divided into three 
major groups; one for domestic production; one for imports; and one for 
guano de islas. Domestically produced fertilizers are distributed through 
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general and regional distributors who in turn sell to smaller local out­
lets. The major outlets until I966 were Ferreyros y Conpania, Grace y 
M 13 13 13 Compania, Duncan Fox., Cosmana, and International Petroleum Company. 
Some of the more important local distributors are Sociedad Mercantil del 
13 13 13 Norte (Piura), Almacenes Romero (Piura), Carlos Carbo (Chincha), 
13 13 
Peru Mercantil (Lima - Ica), Picasso Hermanos (Ica). The general 
distributors ençloy between five and ten salesmen who devote full time to 
fertilizer sales. There are an additional twenty-six salesmen selling 
fertilizer as customer service. 
The customer has an order written on an invoice of the domestic plant 
in order to avoid a 5/^ stamp tax. The farmers must then pick up the 
fertilizer at the plant or at the local distributor's office. (In rare 
cases the distributors will deliver the fertilizer.) If the farmer does 
not have a truck, he must contract the services of a trucking firm to 
deliver his fertilizer. Small local dealers carry the only local supply, 
which is generally inadequate and costly. The producer gives the dealer 
180 days credit but does not assume the risk of bad debts. The dealer 
accepts all collection responsibilities. 
Sales offices of both the private and public sectors are shown on 
map 2.1. Of the 48 private distribution agencies shown on the map, at 
least three are seasonal offices which are opened only during the period 
_ 
These firms also inçort. 
Note; Grace, Ferreyros and Duncan Fox did not push fertilizer in 
196? due to a higher than normal default rate. The first two mentioned 
firms are considering dropping fertilizers. 
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of heavy sales. An additional three to five Coastal offices were shut 
down for lack of sufficient sales to meet operating costs. It can also 
be seen that only eleven of these offices are located in the Sierra. None 
of the Sierra offices have salesmen dedicated only to fertilizer sales. 
The public sector has thirty-two distribution and/or sales agencies. 
Twelve of these are located in the Sierra. Most of these offices also 
have storage facilities for guano, guano balanceado, and commercial 
fertilizers. 
The greatest use of fertilizer is on the Coast North of Ica. (See 
map 2.2.) The Northern Coast in Peru uses about 37^ of the fertilizer; 
the central Coast (zones II, III, IV) uses about 3^^; the Southern Coast 
uses a little over 15/^; the Central Sierra uses about 7^, the majority 
of this which goes to the Tarma and Huancayo valleys ; the Southern Sierra 
uses a little less than 7^. CONAFER is in the process of opening agencies 
through private distributors in the Sierra, which should help change the 
imbalance of fertilizer use between the Coast and Sierra. 
Distribution costs for domestic production run from S/.120 to S/.I30 
per metric ton based on a weighted average of gross mark-up and net 
returns to the private distributors. This does not include transportation 
costs or bad debts. Transportation costs from Lima to various points are 
given below. These are the rates which are given to CONAFER. (These 
rates may vary somewhat according to the season and demand for trucking 
services.) 
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Soies/metric t 
Lima to Piura 350 
Chiclayo 200 
Trujillo 180 
Casma I50 
Huanuco 200 
Tarma 110 
Huancayo I90 
Canete 80 
Chincha 100 
Nazca I50 
Vitor 300 
Cuzco 800 
Puno 700 
Truckers in Southern Peru have given CONAFER special rates from 
Cachimayo to various locations. These rates are listed below and will 
used for this study. 
Cachimayo to Piura S/.9OO 
Chiclayo 9OO 
Trujillo 900 
Salaverry 900 
Pacasmayo 900 
Chimbote 750 
Casma 750 
Huacho 700 
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Callao 
Lima 
s/.580 
500 
Canete 550 
Pisco 500 
Nazca 500 
Arequipa 
Mollendo 
500 
550 
Matarani 550 
Tacna 700 
About 95/0 of domestic fertilizer sales are on credit. The farmers go 
to the major credit sources and sometimes receive triple credit on a given 
crop. For example, faraiers get money from exporting organizations (e.g. 
cotton or sugar), the Banco de Fomento Agropecuario, and the distributors. 
The exporting organizations can deduct the loan from export receipts. 
The Banco de Fomento Agropecuario has first claim on the sales of the 
farmer's crop and/or any other security in order to protect itself. 
Farmers' notes to the Banco de Fomento Agropecuario or other commercial 
banks are discounted by the commercial houses. If the farmer defaults, 
the bank charges the account of the commercial house even though the pur­
chase is written on a factory invoice. It is then the responsibility of 
the distributor to collect from the farmer. 
CONAFER can extend only a limited amount of credit because it has no 
legal provision for working capital. It borrows money from the Banco de 
la Nacion. If this bank does not have sufficient funds, it will borrow 
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from another source for CONAFER. CONAJER charges the same interest as it 
pays. If money is received at 6^ for 180 days, CONAFER adds the interest 
cost to the fertilizer price and sells at 180 days without additional 
interest. 
Through its Plan Costa, S.I.P.A. distributed a total of 7.500 metric 
tons of fertilizer from July I965 through March I967. This fertilizer was 
distributed in the supervised credit program, designed to give the small 
farmers a source of credit and technical assistance. The distribution 
by Department is given in Table 2.11. In addition to this, S.I.P.A. has 
distributed 2,000 metric tons of ammonium nitrate (26^) from Cachimayo in 
the southern region of Peru. 
Imports are distributed by some of the major regional and local dis­
tributors and other firms that, as a customer service, import fertilizers 
for the farmers. One of the biggest inserters of fertilizer is Quimica 
Peruanil, a major outlet for the Nitrex group of European fertilizer pro­
ducers. Most inserting firms no longer stock nitrogen fertilizers. They 
cannot compete with CONAFER's sales due to a 5/^ commission and a 5^ turn­
over tax that must be paid to CONAFER in order to import nitrogen 
li), 
fertilizers almost tax free. These firms can compete very well with 
CONAFER by direct orders. 
14 
There are some firms such as Rodval, Agro Industries Peruanas 
8.A.; Agro Suni S.A., FERIÎEA and Distribuidores Fertilizantes & 
Insecticidas S.A., that inçiort liquid or compound fertilizers. However, 
these fertilizers currently represent a very small proportion of total 
fertilizers used. 
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Table 2.11. Distribution of fertilizer by S.I.P.A. by department in 
metric tons, July 196^-March I967, Peru 
Department 
Urea 
Fertilizer 
Ammonium Potassium 
Sulfate Chloride Total 
Tumbes - Piura 250 1,250 200 1,700 
Lambayeque 500 450 50 1,000 
La Libertad 500 300 100 900 
Ancash 250 400 200 850 
Lima 250 400 200 850 
Ica 2^0 400 100 750 
Arequipa 
0
 
0
 800 1^0 1,450 
Totals 2,500 4,000 1,000 7,500 
The cheapest source of nitrogen to the Peruvian farmer at present is 
purchase by direct order. Direct order is an agreement between the factory 
and the farmer; the terms of sale may or may not be cash. The commercial 
house writes the order for the farmer, but has no collection responsibility. 
It acts as a broker and receives a commission on the sale from the factoiy. 
To permit free entry, the farmer must register the fertilizer in CONAFER. 
He must also pick up his order at the dock, pay the unloading charges, 
and so forth, in order to get it to his warehouse. However, this means of 
acquiring nitrogen is limited to farmers that have sufficient collateral 
and the ability to take care of the necessary arrangements and transporta­
tion problems. 
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Imports are also distributed by CONAFER throughout the Coast and from 
some offices in the Sierra. CONAFER imports in shipments of from 1,000 
to 4,000 metric tons which are distributed among their major offices along 
the Coast and trucked inland when required. 
Guano de islas is distributed on a prorate basis. The farmers are 
allowed to request one ton of guano per hectare cultivated. A higher pro­
rate preference is given to requests for food crops. This distribution 
of guano to the respective crops is determined annually ty a Ministerial 
Resolution between CONAFER and the Ministry of Agriculture. The upper 
half of Table 2.12 shows the quantity of guano requested and received by 
large farmers. The lower half shows guano requests and allocation to 
small farmers by specified area. 
Governmental regulations 
The farmer has no protection through Governmental restrictions on the 
fertilizer industry. Both the private firms interviewed and CONAFER are 
not familiar with any such restrictions. The only known restrictions on 
production, prices, and/or distribution of fertilizer are made basically 
to protect the national industry at the expense of the agricultural sector. 
It appears that import duties from 1826 to about 1920 were only for 
revenue purposes. From 1923 to 194? fertilizers entered free of duty. 
In 1947 the Guano Administrative Cortqpany was permitted to inport any 
agricultural product free of duty and sell it at a 5^ commission over 
cost. In 1958. with the entrance of the first simple superphosphate pro­
ducer, this was modified somewhat. Phosphate fertilizers were no longer 
42 
Table 2.12. Requests for and distribution of guano de islas for agricul­
tural use in 1,000 metric tons, 19^8, I96I and 1964, Peru* 
Amount requested Amount received 
Distribution 1958 I96I 1964 1958 I96I 1964 
Large farmers 
Cotton and sugar cane 253.0 212.3 189.0 25.3 27.6 37.8 
Rice 76.8 72.5 60.0 19.2 14.5 12.0 
Potatoes 25.8 23.7 22.8 11.6 7.1 9.1 
Food crops 120.5 120.0 125.3 24.1 20.4 40.1 
Milk pastures 9.7 14.0 11.4 3.4 2.8 3.4 
Fruits 9.0 11.3 14.0 1.8 1.7 4.2 
Miscellaneous 4.0 2.7 3.0 0.4 0.4 0.9 
Sub-total 498.8 456.5 425.5 85.8 74.5 107.5 
Small farmers 
Liraa-Callao 1.3 2.5 3.7 0.9 1.4 2.4 
Coast 49.5 65.0 64.4 9.9 11.7 20.6 
Sierra 63.1 125.5 136.9 22.1 27.6 43.8 
Tacna 7.7 - - 2.7 - -
Sub-total 121.6 193.0 205.0 35.6 40.7 66.8 
Miscellaneous 
- - - 8.3 4.5 21.0 
Total 620.4 649.5 630.5 129.7 119.7 195.3 
*Source (7), (9a). 
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allowed to enter free because the industrial promotion law only allows 
imports to be exonerated for that quantity which cannot be supplied 
nationally. Currently, phosphate fertilizers are taxed at a 30^ advalorum 
plus an additional S/.5oo per metric ton. 
With the entrance of the first national nitrogen producer, nitrogen 
inçorts were also restrained by protective tariffs. These tariffs then 
went to a special fund returned as a subsidy to the national producer. 
These subsidy tariffs were in effect in I96I, I962, I963 and for a short 
time in i966. The Supreme Decrees that set the additional subsidy tariffs 
also fixed the FOB plant price of nitrogen. Nitrogen prices began at 
about $263.40 per metric ton FOB in March of i96i. This was raised to 
$280.70 in October of i96i, to $328,00 in July i966, and then lowered to 
$300.00 in October of i966. 
Ihe additional taxes put on nitrogen imports as a subsidy went from 
$11.40 per metric ton of nitrogen in March of i96i to $17.20 in the last 
quarter of i96i and first quarter of i963, and then to $21.93 in July of 
1966. However, in October of i966 the subsidy tax was derogated, and the 
national price of nitrogen was lowered. Today, to import nitrogen rela­
tively free of duties, the importer must get permission from the commission 
that controls inçorts. This permission is granted when he presents an 
invoice proving that he is buying 1/3 of his nitrogen from national pro­
ducers. The order must be made for delivery 60 days in advance of the 
time that the inçiort order is made. If the national producers cannot 
supply the required I/3, the farmer may get special permission to import 
additional nitrogen. 
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Potash fertilizers enter relatively duty free because they do not 
compete with national production. These fertilizers do not have to come 
through COMFER. 
Mixed fertilizers come in at about 30^ duty to protect the national 
producers. 
The only other control exerted by the Government is through the low 
pricing policy of CONAFER. This policy limits the amount that private 
firms can mark up imported nitrogen fertilizers. The mark-up on inçiorted 
mixed, potash, and phosphate fertilizers is substantially higher than on 
nitrogen fertilizers. This may change in the near future because the last 
Supreme Decree 352-H of 14 October, 1966, has a provision giving the super­
visory committee for fertilizer imports the power to exonerate taxes on 
other fertilizers as deemed necessary. COMFER is importing 1,000 metric 
tons of triple superphosphate and requesting tax exonerations. If this 
atterpt is successful and not counteracted by.the national producers, 
phosphate will be made available at much lower prices. 
Fertilizer Inports 
Origin of fertilizer imports 
Peru, inports mainly from Europe, due to two major factors. First, the 
European shipping conferences have pegged shipping rates at lower than 
normal rates for the West Coast of South America. The difference in 
is attençt was thwarted by the national industry. CONAFER is 
required to dilute the triple superphosphate with guano in order to sell 
it without import duties. 
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steaming time from Brazil to Peru is about 2 weeks, but the rate to Peru 
A second major factor is that the distributors in Peru prefer ship­
ments in jute bags. Most of Peru's fertilizer comes from Europe in jute 
bags of from 50-75 kilos because Peruvian buyers adhere to the idea that 
farmers will not buy fertilizer in bags or bulk. However, the U.S. could 
conçete favorably on bulk loading and shipping; the loading cost difference 
between Europe and the U.S. is about $3.00 per ton of bagged material. 
The major source of nitrogen fertilizer is the Nitrex group which is 
made in plants in Austria, Belgiim, France, Germany, Holland, Italy, and 
Norway. The plants in these countries are represented by a consorcium 
that offers bids and allocates the bids to the plants. 
Recently, Latin America has been increasing its share of the Peruvian 
nitrogen imports. See Table 2.13. 
Table 2.13. Total inçorts of ammonium nitrate, ammonium sulfate and urea 
from selected sources, in 1,000 metric tons and total GIF 
value in $1,000, I963-I965, Peru* 
is less than it is to Brazil from Europe. 
Metric tons Total GIF value 
1963 1964 1965 Source 1963 1964 1965 
Latin America 
Nitrex 62.1 39.8 41.3 3,187.5 2,410.6 3,245.5 
1.8 5.6 12.5 142.6 566.6 1,334.5 
Total 63.9 45.4 53.8 3,330.1 2,977.2 4,580.0 
*Source (8). 
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The United States sells very little fertilizer to Peru. Apparently 
it can only conçete in mixed fertilizer, which is a very small portion 
of fertilizer imports. Table 2.14 shows fertilizer imports by origin and 
type of fertilizer from I963 to i965. 
Type of fertilizer imported 
The major fertilizer inçorts are nitrogen in the form of urea, 
ammonium sulfate, and ammonium nitrate. Urea appears to be replacing 
ammonium sulfate, which is a more expensive source of nitrogen. Ammonium 
nitrate iiiç)orts are restricted to protect the national producer. Other 
fertilizer imports such as mixed fertilizers, ammonium phosphates, and 
potash fertilizers are almost insignificant. Table 2.15 shows the relation­
ship of types of fertilizers imported into Peru. 
Distribution of fertilizer imports in Peru 
Most fertilizer inçjorts in Peru enter through the ports of Paita, 
Pimentel, Huacho, and Pisco. Due to high costs and losses, the proportion 
of imports entering through Callao has decreased from about 7/^ in I963 to 
1^ in 1965. 
Table 2.16 summarizes private sector fertilizer imports by port. 
Tables 2.1?, and 2.18 show public sector imports for I965. Similar data 
for other years were not available. Maps 2.3 to 2.5 and Tables 2.19 and 
2.20 show the relationship of fertilizer imports by specified type and 
port. From these tables it is possible to see that the major ports for 
urea are Pimentel, Paita, Chicama, Huacho, and Salaverry; for ammonium 
sulfate, Pisco, Pacasmayo, Huacho, Paita, and Cerro Azul; for other types 
Tabla 2.14. Private sector fertiliser imports by type of fertilizer in 1,000 Metric tons, percent of tonage from each origin and $1,000 
GIF, 1963-1965. Peru* 
All Fertilizers Ammonium Nitrate 
Origin 
MT 
1963 
$CIF MT 
1964 
$CIF MT 
1965 
$CIF MT 
Total 
$CIF 
1963 
MT $CIF 
1964 
MT $CIF MT 
1965 
$CIF 
.ruba 6.5 12.4 632.3 9.2 15.5 1,004.2 15.7 8.6 1.636.4 
Austria 3.6 4.9 159.8 - _ _ - - - 3.6 2.0 159.8 
Belgium 6.4 13.3 341.0 7.3 15.3 467.3 8.0 13.5 778.2 21.7 12.0 1,586.4 — — - — — — - - -
Columbia _ - _ - - - 1.2 2.0 127.8 1.2 0.7 127.8 
Costa Rica _ 
- - - -
-
2.1 3.5 202.5 2.1 1.2 202.5 - - - - - 2.1 100 202.5 
France 5.3 7.2 279.2 5.7 10.9 312.4 7.6 12.7 376.6 18.6 10.3 968.2 . _ _ 
Germany 43.4 2.073.6 24.1 45.9 1.354.9 21.7 36.6 1.572.8 49.3 5,001.4 0
 
H
 
H
 
0
 
0
 
2 .2 — — — - - -
Holland 1.9 3.0 105.1 2.0 3.8 139.1 4.2 7.1 423-7 8.1 4.5 667.9 
Japan 0.3 0.4 27.4 _ _ _ - - - 0.3 0.2 27.4 — — - — — — - - -
Norway 5.3 7.2 427.9 4.7 8.9 433.0 3.4 5.7 333.9 13.4 7.4 
Trinidad 1.8 2.5 142.6 1.8 1.0 142.6 
U.S.A. 1.9 2.6 161.2 1.4 2.7 112.3 2.0 3.3 210.8 5.3 2.9 
Totals 69.9 3,717.7 51.7 3.472.9 59.4 5.030.7 IM.9 12.099.5 0.1 2. 2 2.1 202.5 
"som-co (2) ,  (8) .  
^ tint il 1961 phosphate rock and natural phosphate are included. In 1962 those i;i;por^s registered as raw materials which are not 
included in this study. 
Table 2.14. (Continued) 
Urea Ammonium Sulfate 
Origin 1963 
$CIF I-IT 
1964 
èCIF HT 
1965 
$CIF MT 
1963 
$CIF m 
1964 
$CIF MT 
1965 
$CIF 
Aruba 5.6 39^ 566,6 9.2 29.2 1,004.2 
Austria - - - - - - - - - 3.6 7.5 - _ - _ _ 
Belgium 1.7 13.1 136.1 2.5 215.6 7.3 23.2 736.3 4.7 10.1 204.6 4.8 15.7 251.6 0.7 • 42.0 
Colujabia - - - - - - 1.2 3.8 127.8 - - - - - - - -
Costa Ric a 
- - - - - - - - - - -
-
- - - - -
France 0.8 6.2 70.8 3.7 7.9 158.1 5.1 16.7 266.7 6.0 27.5 260.9 
Germany 3.0 23.0 253.8 0.8 5.8 71.6 5.0 16.0 508.8 3^  ^ 72.1 1.445.7 19.1 62.6 972.2 15.0 6^  ^ 951.9 
Holland 0.1 0.8 10.3 0.6 5.2 55.7 4.2 l^ J 4%L7 1.3 2.4 50.6 1.5 5.6 83.5 _ - _ 
Japan 0.3 2.3 27.4 - - - - - - - - - - - - - - -
Norway 5.3 40.7 4.7 433.0 3.1 10.0 321.7 
- - - -
-
- - - -
Trinidad 1.8 142.6 
U.S.A. 
- - - - - -
1.4 4.4 154.0 
- - -
-
-
-
- - -
Totals 13.0 1.069.2 14.4 1,342.5 31.4 3.276.6 4^  ^ 2,018.0 3^  ^ 1,576.0 21.7 1,254.9 
Table 2.14. (Continued) 
Other Fertilizers 
Origin 1963 1964 1965 
Mr iCIF MT $CIF MT $CIF 
Aruba 0.8 11.5 65.7 
Austria - - — - — - — — 
Belgium - - - - - - - - -
Columbia - - - - - - - - -
Costa Rica - - - - - -
-
-
-
France 0.8 8.6 50.3 0.6 9.0 45.7 1.6 39.0 115.6 
Gej^a ny 5.8 63.9 371.9 4.2 60.0 309.1 1.6 39.0 112.0 
Holland 0.6 6.5 44.1 - — - - - — 
Japan - - - - - - - - -
Norway 
-
- - -
- - 0.3 7.5 12.2 
Trinidad 
U.S.A. 1.9 21.0 161.2 1.4 19.5 112.3 0.6 14.5 j#.8 
Tot als 9.1 627.5 7.0 523.8 4.1 296.6 
Table 2.15. Total fertilizer inçiorts in 1,000 metric tons by type and percent of total fertilizer imports, 195^ -196$, Peru* 
Fertilizer type 1954 1955 1956 1957 1958 1959 I960 1961 
M r ^ M r ^ M T $ M T $ M T ^ M T $ M T $ M T ^  
Ammonium sulfate 20.5 58.4 16.7 64.5 18.9 43.4 40.7 55.0 66.4 85.1 72.2 71.5 95.2 71.2 64.0 63.9 
Ammonium nitrate 
- - - -
1.0 2.8 2.8 3.8 
- - 2.9 2.5 1.6 1.1 1.9 1.9 
Urea 
-
- - - - - - -
2.9 3.7 5.9 5.5 16.5 12.6 26.6 26.5 
Salitre 8.7 24.7 
- -
11.9 27.3 17.8 24.0 3.8 4.9 5.1 4.9 0.8 0.6 0.9 0.9 
Other^  5.9 16.9 9.2 35.5 11.7 26.6 12.7 17.2 4.9 6.3 14.8 13.8 19.7 14,8 6.8 6.8 
Totals 35.1 25.9 43.5 74.0 
1 
78.0 100.9 133.8 100.2 
*Source (2), (8). 
U^ntil 1961 phosphate rock and natural phosphate are included. In I962 these inçiorts are registered as raw materials which 
are not included in this study. 
Table 2.15- (Continued) 
Fertilizer type 1962 1963 1964 1965 
Mr ^ MT 5É $CIF Mr ^ $CIF MT ^ $CIF 
Ammonium sulfate 81.0 69-1 55.3 63.3 2.323.2 61.9 67.7 3.359.5 55.8 53.9 3,147.9 
Ammonium nitrate 3.0 2.6 - - - - - - 2.1 2.0 202.5 
Urea 22.3 18.9 22.9 26.2 I.870.I 22.6 24.7 2,158.7 39-1 37.8 4,056.9 
Salitre 0.20.2 — — — — — — — — — 
Other^  10.9 9.3 9.2 11.6 627.5 6.9 7.5 532.7 6.1 6.3 442.7 
Totals 17.4 87.4 4,820,8 91.4 6,050.9 103.5 7.850.0 
Table 2.16. Private sector fertilizer inçiorts by type in 1,000 metric tons, percent of total private 
sector imports, and $1,000 GIF by port, 1963-1965. Peru 
All Fertilizers 
Port 
MT 
1963 
$CIF MT 
1964 
$CIF MT 
1965 
$CIF MT 
Totals 
$CIF 
Callao 4.8 6. 9 331.4 0. 5 1. 0 37.8 0. 6 1. 0 56.8 5. 9 3 .2 426.1 
Cerro Azul 7.9 11. 3 345.3 6. 3 12. 2 367.1 3. 7 6. 3 344.7 17. 9 9 .9 1,057.2 
Chicama 4.4 6. 3 341.6 2. 7 5. 2 235.0 3. 0 5. 1 294.5 10. 1 5 .6 871.1 
Chimbote 1.2 1. 7 51.2 0. 3 0. 6 11.8 0. 2 0. 3 21.6 1. 7 0 .9 84.6 
Et en 0.8 1. 2 61.1 1. 7 3. 3 138.1 2. 8 4. 7 251.2 5. 3 2 .9 450.4 
Huacho 10.2 14. 6 491.4 8. 5 16. 4 607.9 10. 0 16. 9 826.0 28. 7 15 .8 
Ho 0.4 0. 6 14.6 — — 0. 4 0 .2 14.6 
Matarani 2.5 3. 6 131.6 1. 6 3. 1 87.9 1. 2 1. 9 71.3 5. 2 2 .9 290.9 
Pacasmayo 3.8 5. 4 182.6 1. 8 3. 4 135.0 3. 0 5. 1 218.6 8. 6 4 .8 536.3 
Pa it a 15.1 21. 6 771.9 10. 3 19. 9 604.6 13. 2 22. 2 1.143.6 38. 5 21 .3 2,520.1 
Pimentel 3.5 5. 6 232.3 5. 8 11. 2 510.5 7. 6 12. 8 772.7 16. 9 9 .3 1,515.5 
Pisco 13.4 19. 0 654.1 10. 3 19. 9 594.4 9. 9 16. 7 644.7 33. 6 18 .6 1,893.2 
Salaverry 1.3 1. 9 74.0 1. 1 2. 1 69.1 3. 7 6. 2 356.4 6. 0 3 .3 499.5 
Supe 0.3 0. 4 12.7 - - 0. 3 0 .2 12.7 
Tacna 0.5 0. 7 21.9 1. 0 1. 9 52.2 0. 5 0. 8 28.4 2. 0 1 .1 102.5 
Totals* 69.9 3,717.7 51. 7 3,472.2 59. 4 5,030.7 180. 9 12,099.5 
*Note: Columns and rows may not sum due to rounding errors. 
^Percent of respective heading. 
Table 2.16. (Continued) 
Ammonium Sulfate 
Port 
MT 
1963 
$CIF MT 
1964 
$CIF MT 
1965 
$CIF MT 
Totals 
$CIF 
Callao 0.7 1.5 30.2 0.7 0.7 30.2 
Cerro Azul 7.6 15.9 322.6 5.5 18.6 286.0 1.1 5.3 67.0 14.2 14.2 675.6 
Chicana 0.3 0.5 10.1 - - - - - — 0.3 0.2 10.1 
Ch imbote 1.2 2.5 51.2 0.3 0.8 11.8 - - - 1.5 1.5 63.0 
Et en -
-
- 0.5 1.6 27.2 0.6 2.5 31.8 1.1 1.0 59.0 
Huacho 8.1 17.0 339.0 4.0 13.0 202.0 2.8 12.6 155.4 14.8 14.8 696.5 
Ho 0.4 0.7 14.6 — _ — — — 0.4 0.4 14.6 
Matarani 1.2 2.5 50.3 1.6 5.1 83.5 1.0 4.6 56.7 3.8 3.7 190.4 
Pacasmayo 3.2 6.7 131.6 0.6 1.9 24.3 2.3 10.3 132.8 6.0 6.0 288.7 
Fait a 11.0 23.1 466.6 7.2 23.4 355.2 4.4 20.3 254.5 22.6 22.6 1,076.3 
Pimentel 1.5 3.2 63.0 0.5 1.6 26.9 0.3 1.4 17.4 2.3 2.3 107.3 
Pisco 11.3 23.7 485.4 8.8 28.8 465.9 8.2 37.7 473.5 28.3 28.3 1,424.8 
Salaveriy 0.5 1.0 19.8 0.8 2.5 41.0 0.7 3.0 37.4 1.9 1.9 98.2 
Supe 0.3 0.6 12.7 - - - - - - 0.3 0.3 12.7 
Tacna 0.5 1.0 21.9 1.0 3.3 52.2 0.5 2.3 28.4 2.0 2.0 102.5 
Totals 47.8 2,018.9 30.5 1,576.1 21.7 1,254.8 100.1 4,849.8 
Table 2.16. (Continued) 
Urea 
Port 
MT 
1963 
$CIF MT 
1964 
$CIF MT 
1965 
$CIF MT 
Totals 
$CIF 
Callao 0.6 4.6 52.6 0.1 0.4 4.6 0.1 • 0.2 5.5 0.7 1.2 62.7 
Cerro Azul 0.3 1.9 22.3 0.8 5.6 81.1 2.6 8.2 277.7 3.6 6.2 381.0 
Chicana 4.0 31.5 326.0 2.5 17.6 224.0 3.0 9.6 294.5 9.5 16.3 844.5 
Chimbote — — — — — — 0.2 0.6 21.6 0.2 0.3 21.6 
Eten 0.8 5.8 61.1 1.1 7.7 102.6 2.3 7.2 219.5 4.1 7.0 383.2 
Hua c ho 1.0 7.6 82.1 2.3 16.1 228.3 4.6 14.7 490.2 7.9 13,5 800.5 
Matarani 0.3 2.3 25.7 - - — 0.1 0.3 10.6 0.4 0.7 36.4 
Pacasmayo 0.5 3.8 40.8 1.1 7.7 101.2 0.8 2.4 85.8 2.4 4.0 227.7 
Pa it a 2.8 21.8 236.1 1.1 7.7 107.8 6.2 19.7 652.1 10.1 17.3 996.1 
Piment el 1.9 14.7 156.7 4.8 33.4 440.3 7.2 23.0 751.8 13.9 23.7 1.348.8 
Pisco 0.6 4.3 46.7 0.3 2.1 28.4 1.4 4.4 148.3 2.2 3.8 223.5 
Salaverry 0.2 1.7 19.0 0.3 1.8 24.1 3.0 9.6 319.0 3.5 5.9 362.2 
Totals 13.0 1,069.1 14.4 1,3^ 2.5 31.4 :),:276).6 58.5 5,688.2 
Table 2.16. (Continued) 
Other Fertilizers 
Port 1963 1964 1965 Totals 
1 1 1  1  
MT % $CIF MT $CIF MT $CIF MT $CIF 
Calls0 3«5 38.5 248.6 0.5 6.5 33.2 0.6 13.8 51.3 4.5 22.5 333.0 
Cerro AzvH .. 0.1 0.6 — - — - - - — — 0.6 
Chicana 0.1 1.1 5.5 0.2 2.9 11.0 - - - 0.3 1.5 16.5 
Chimb ote — — - - — - - — - — — — 
Et en 
— 
- -
0.1 1.4 8.2 - -
-
0.1 0.5 8.2 
Htiacho 1.1 11.7 70.3 2.2 31.9 177.6 2.6 65.2 180.4 5.9 29.5 428.3 
Matarani 0.9 10.3 53.4 0.1 0.7 4.4 0.1 1.2 4.0 1.0 5.2 61.8 
Pacasmayo 0.1 1.3 10.3 0.1 1.6 9.5 - - - 0.2 1.1 19.8 
Pa it a 1.2 13.3 69.2 2.0 28.9 141.5 0.5 11.1 34.5 3.7 18.2 245.2 
Pimentel 0.1 1.1 12.6 0.5 7.2 43.3 0.1 1.2 3.6 0.7 3.2 59.4 
Pisco 1.5 16.4 122.0 1.3 18.2 100.0 0.3 7.4 22.9 3.1 15.2 244.9 
Salaverry 0.6 6.1 35.1 0.1 0.7 4.0 - - - 0.6 3.0 39.1 
Totals 9.2 627.6 6.9 532.7 4.1 296.7 20.1 1.456.9 
Table 2.l6. (Continued) 
Ammonim Nitrate 
Port 1963 1964 1965 Totals 
MT $CIF MT $CIF MT $CIF MT ^ $CIF 
Mata rani 0.1 100.0 2.2 - ' - - 0.1 4.8 2.2 
Paita - - - 2.1 100.0 202.5 2.1 95.2 202.5 
Totals 0.1 100.0 2.2 - - - 2.1 100.0 202.5 2.2 204.7 
57 
Table 2.1?. Public sector fertilizer imports by port in 1,000 metric tons 
and $1,000 GIF, I965, Peru* 
Port Urea Ammonium Sulfate Potassium 
MT $CIF MT $GIF MT $GIF 
Paita 0.3 26.8 4.3 236.9 0.2 11.9 
Pimentel - - 1.6 90.0 - -
Et en 0.5 53.6 1.8 102.6 - -
Pacasmayo 0.8 73.6 3.9 216.3 - -
Salaverry 1.3 127.1 2.3 127.5 0.1 5.9 
Chimbote 0.8 76.4 3.5 196.2 0.5 30.3 
Huacho 1.3 143.3 5.4 300.8 1.3 76.5 
Pisco 1.6 164.1 6.9 384.0 0.1 5.9 
Matarani 1.1 115.4 4.3 238.8 0.2 12.5 
Totals 7.7 7&X3 34.0 1,893.1 2.4 146.0 
*Source (8). 
Table %.18. Origin of public sector fertilizer imports in I965 in 1,000 
metric tons and $1,000 GIF, Peru* 
Port Urea Ammonium Sulfate Potassium 
MT $CIF MT $GIF MT $CIF 
Belgium 7.2 
France w. — 1.5 83.9 0.4 30.3 
Germany 2.3 220.7 20.9 1,161.3 2.0 115.7 
Holland 3.2 348.7 4.4 245.0 - -
Norway 2.2 210.9 - - - -• 
Totals 7.7 7%.3 34.0 1,893.1 2.4 146.0 
"Source (8). 
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Table 2.19. Percentage of total fertilizer iirçorts by specified ports, 
1963-1965, Peru* 
Port of total 
inçorts 
Pisco 17.8 
Huacho 17.5 
Paita 17.3 
Total for above 3 ports 52.6 
*Source (8). 
Table 2.20. Percentage of the private sector fertilizer inçorts by port, 
1963-1965. Peru* 
1963 
Port 
1964 
Port 
1965 
Port $ 
Paita 22 Pisco 20 Paita 22 
Pisco 19 Paita 20 Huacho 17 
Huacho 15 Huacho 16 Pisco 17 
Cerro Azul 11 Cerro Azul 12 Pimentel 13 
Pimentel 5 Pimentel 11 Cerro Azul 6 
Total for above 
5 ports 69# 79* 75# 
* Source (8). 
59 
ECUADOR 
a u t 
23 22 22 
p i u r a ( 
C O L O M B I A  
4 
* 
MCMMAW 
(cHieMM 
i 32 * 
16 z ii 
a u t 
at* IS 
* '\ jsah martin r-j 
.uj\ 
l i 8 e r t a j »  \  \  
"l\ 
\.> 
4 
i i 
> 1 
i 
B R A S I L 
àucath j huamuco / 
,A 
4 
^ ,  
\ccrii0m msco\ _ 
v^-^TN 
\  V "  "  
As AMMONIUM SULFATE 
U s  U R E A  
T » TOTAL PRIVATE SECTOR FERTILIZER IMPORTS 
r i  i  1  
^ T _ s. c u z c 0 
Î  ^  
v- /apurimac; 
i c a \ ûYâcacao!^ / 
p u H 0 
a u t 
t a c h a :  
C H I L E  
NAP.2.3 PERCENTAGE OF FtRTHIZER IMPORTED BY THE PRIVATE SECTOR BY 
PORT,TYPE OF FERTILIZEf^ AND TOTAL FERTILIZER IMPORTS, 1963,PERU. 
60 
a 
* 
< js 
1 
» 
ECUADOR 
C O L O M B I A  
rmn (as 8 ge 
PI UNA 
A { 
^1% * » 
/ 
A 
2 
U T 
» a 
A 
2 
U T 
« S 
B A S I L  
r$AM MARTI 
LIIIRTAD 
Séwtff~ 
AMCASH / HUAN U CO ( 
CAiXAO y 6 K MAORE OC DI08 4 
Ce fro Alul 
fMMtMAC 
Ilo TACNA^ 
Mior 
A u 
1 -
t 
j 
1 A 0 T] 
A U 
13 l« 
t 
16 
A U 
- 1 1 
a u 
19 < 
t 
12 
As AMWOMUM SULFATE 
U s  U R E A  
T» TOTAL PRIVATE SECTOR FERTILIZER IMPOSTS 
CHILE 
M A P .  2 . 4  P E R C E N T A G E  O F  F E R T I L I Z E R  I M P O R T E D  B Y  T H E  P R I V A T E  S E C T O R  B Y  
PORT, TYPE OF FERTfLIZER AND TOTAL FERTILIZER IMPORTS,1964, PERU. 
61 
» 
» H 
ECUADOR 
C O L O M S I A  
+ <- J 
B R A s I L 
m v r a  i  
Y < SAN MARTI p 
w \. \ ( 
CHICAMA 
A U T 
I 2S 13 
A U T 
10 2 B AHCA$H 
/ HUANUCO . 
V' vCtRRO 01 PMCOi 
A U T IS II 17 
MADRE 01 010* 
^ i o"^cuzco\ 
i > \ C5RR5 AS'J! 
A U T 
.APUnMAC / 
' / 
/ PU NO 
A R COU I P A 
A U T 
TACMAl 
A= AMMONIUM SULFATE-
U= UREA 
T« TOTAL PRIVATE SECTOR FERTILIZER IMPORTS 
CHILE 
M A D  » « DcorcMTACP nc CCPTIII7PP iMPnuTPn RV THF PfllVATF SECTOR BY 
62 
of fertilizers, Huacho, Gallao, Paita, and Pisco. 
Ihe maps show that the major concentration of imports is in the 
Northern and Central Coastal areas where most of the industrial crops are 
grown. 
The distribution of fertilizer inçiorts between the public and private 
sector is shown in Table 2.21. From this it can be seen that the public 
sector's share has increased since I963 and will probably stay in the 40-^0^ 
range. Recently, COMFER has been trying to sell more fertilizers and will 
probably maintain at least 40^ of the import market. 
Table 2.21. Public fertilizer irg)orts as a ^ of total fertilizer imports 
by type and value $CIF, I963-I965. Peru* 
Fertilizer type 1963 1964 1965 
MT $GIF MT $CIF MT $CIF 
Urea 43.7 42.8 36.7 37.8 19.7 19.2 
Ammonium sulfate 1.4 1.3 50.7 53.1 60.9 60.1 
Ammonium nitrate 
-
- -
-
= 
Other -
— - - 36.9 -
Totals 19.3 21.7 43.1 42.5 42.6 35.9 
*Source (8), 
Relationship of imports and national production 
Imports of the two major sources of nitrogen since 1958 are shown in 
Table 2.22. Urea as a source of irtported nitrogen rose from 8.6^ in 1958 
to 60$È in 1965. Corçarison between Table 2.22 and Table 2.23 shows that 
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Table 2.22. Imports of urea and ammonium nitrate in 1,000 metric tons of 
product and percent of total nitrogen iirçorts, 1958-1965» Peru* 
Fertilizer Imports $ of total nitrogen 
Year Ammonium Ammonium 
sulfate Urea nitrate Urea 
1958 66.4 2.9 91.4 8.6 
1959 72.2 5.9 85.6 14.6 
i960 95.2 16.5 73.0 27.0 
1961 64.0 26.6 52.8 47.2 
1962 81.0 22.3 63.0 37.0 
1963 55.3 22.9 53.0 47.0 
1964 61.9 22.6 56.0 44.0 
1965 55.8 39.1 39.9 60.1 
*Source (2), (8). 
imported nitrogen has between 40$^ and 60^ of the market. This share will 
probably drop as nitrogen consunçition increases because: 
(1) in 1965 FERTISA was producing at about 100^ of capacity, 
(2) guano production will continue and should increase in the next 
few years as the birds increase, 
(3) Cachimayo will probably produce small quantities of nitrogen in 
the near future and more later as the difficulties with the power 
source are resolved, and 
(4) there is a new large nitrogen plant planned for Northern Peru. 
Table 2.23. Source of total nitrogen by fertilizer type in 1,000 metric tons of nitrogen and percent of total nitrogen in Peru, 
1958-1965* 
Source of nitrogen by fertilizer type Percent of nitrogen by fertilizer type 
Year Ammonium Ammonium Guano Urea Total National Ammonium Ammonium Guano Urea National 
nitrate sulfate de islas^ nitrogen production^ nitrate sulfate de islas^ production^ 
1958 13. .9 20.8 1.3 36.0 20.8 - 38^ 57.8 3.6 57.8 
1959 1.0 16, .2 14.5 2.7 34.4 14.5 2.9 47.1 42.2 7.8 42.2 
i960 5.3 22. 6 15.2 7.4 50.5 21.6 10.5 44.8 30.1 14.7 42.8 
1961 9.4 16. ,4 16.6 12.0 54.4 25.1 17.3 30.1 30.5 22.1 46.1 
1962 12.3 19. 5 18.2 10.0 26.8 20.5 32.6 30.4 16.7 44.7 
1963 12.5 16, .0 26.6 10.3 65.4 35.4 19.1 24.5 40.6 15.B 54.1 
1964 14.1 16. .3 24.6 10.2 67.2 37.7 21.0 24.2 39.6 15.2 56.1 
1965 14.7 14. 8 22.2 17.6 69.3 21.2 21.4 32.0 25.4 
•'•Source (2), (8). 
^Note: These figures are national production and imports plus guano sales; not actual consumption. 
^Includes nitrogen from guano in guano balanoeado. 
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The major sources of phosphate in Peru are national superphosphate 
and guano. The nationally produced superphosphate is made from imported 
rock. The relation between these two forms of phosphate is shown in Table 
2.24. 
Table 2.25 shows the relationship of nutrient production and imports 
from 1945 to 1965. The major sources of nitrogen and phosphate have been 
explained above. The major source of potash is guano de islas. The rest 
is imported. Figures 4.1 through 4.5 also show the relationship of these 
nutrients between inports, national production, and guano de islas. One 
other factor that will help iiîçorts to increase is a large drop in the 
price of imported nitrogen due to technological changes. In January of 
1966 urea was coming into Peru for about $106.00 GIF. By July of i966 it 
dropped to about $97.00. This price dropped an additional $10.00 by 
January of I967. The current low price (May 196?) is $77.00 GIF (cash). 
Summary of the Weakness of the Present System 
Weaknesses in the marketing and distribution system 
Probably the most limiting factor on the development of an effective 
and efficient fertilizer distribution and marketing system is a 5/^ turn­
over tax which must be charged on every invoice. To evade this tax the 
distributors write orders on the domestic producers' invoices. This has 
two inçortant effects on the distribution system. First, the distributor 
does not have to take possession of the product and is not under any real 
pressure to sell the fertilizer. If stocks build up, they are maintained 
Table 2.24. Sources of phosphate by fertilizer type in 1,000 metric tons and percent of total 
phosphate, 1958-196$, Peru* 
Fertilizer type 1958 1959 I960 i96i I962 i963 1964 i965 
Guano^ MT i3.5 9.9 10.0 11.5 11.6 17.0 16.0 14.0 
^ 91.2 79.2 71.9 76.7 75.3 82.5 82.5 80.5 
Superphosphates^ MT 1.3 2.6 3*9 3-5 3.8 3 «6 3.4 3.4^ 
^ 8.8 20.8 28.1 24.3 24.7 17.5 17.5 19.5 
Total metric tons 14.8 12.5 13.9 15.0 15.4 20.6 19.4 17.4^ 
Source (2), (8). 
^Includes guano balanceado. 
2 National production (does not include imported fertilizers containing phosphate). 
3 Estimated. 
Table 2.25. Production and imports of nitrogen, phosphate, and potash in 1,000 metric tons, 
19^5-1965, Peru* 
Natrient 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 
Nitrogen 16.8 19.6 24.5 27.8 22.9 32.0 37.5 40.3 41.6 41.4 50.1 
Phosphate^ 8.3 9.0 13.0 14.9 14.2 19.4 21.3 20.7 21.3 25.3 29.5 
Potash^ 1.8 2.0 3.0 3.4 3.2 4.4 4.9 4.7 4.8 7.0 6.9 
Nutrient 1956 1957 1958 1959 i960 1961 1962 1963 1964 1965 
Nitrogen 55.9 57.2 36.0 34.4 50.5 54.4 59.9 65.4 67.2 69.3 
Phosphate^ 30.2 , 2 6 . 0  14.8 12.5 13.9 15.0 15.4 20.6 19.4 17.4 
Potash^ 9.4 9.1 4.9 4.0 4.5 4.1 4.9 5.8 4.2 6.3 
*So«rce (2), (4), (8), (10). 
^No imports are included until 1954-
Table 2.26. Average change in nutrient consunçition by years in 1,000 metric tons, 19^5-1965» 
Peru* 
1963-
Nutrient 1945-1965 1945-1962 1960-1965 1965 
Simple Weighted Simple Weighted Simple Weighted Simple 
Nitrogen 2.5 2.3 3.1 3.4 3.1 3.9 1.3 
Superphosphate 0.4 0.4 1.4 1.8 0.6 0,4 -1.1 
*Source (2), (4), (8), (10). 
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ly the producer. Second, since the invoice is that of the manufacturer, 
the fertilizers are sold on an FOB basis. The responsibility to get the 
fertilizers to the farm falls upon the buyer. The distributors do not 
usually deliver the fertilizers. 
These weaknesses tend to limit fertilizer sales to larger, more pro­
gressive farmers who have the facilities or are willing to hire the 
necessary facilities to deliver the fertilizer to the farm. The number 
of outlets are also limited because for every change of hands there is 
an additional 5/^ turnover tax. 
One other factor that tends to keep sales low is the lack of promo­
tional efforts on the part of the public or private sector. Very little 
advertising of fertilizers is apparent because private distributors feel 
that profits are so low that fertilizers use cannot bie promoted. "La 
Prensa" carries fertilizer ads in its Friday issue, but most of these 
are for imported fertilizers. 
The public sector participated in one promotional cançaign in the 
five Southern Departments of Peru in 1964-196^. CONAFER supplied the 
fertilizer and paid the travel expenses of the S.I.P.A. agents who helped 
the farmers apply the fertilizer to the crops. The application levels 
were not high, but the results were generally good, ranging from 20^ to 
lOO^I increase in yields. For lack of money this cançaign was not followed 
up. Partial data on number and type of demonstration plots are shown in 
Table 2.2?. Table 2.28 shows types and quantities of fertilizer used. 
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Table 2.27. Number of fertilizer demonstration plots by crop 
Southern Peru, 19d5 
in 
Number of plots 
Crop^ Cuzco-Apurimac Ayacucho Totals 
Potatoes 532 132 664 
Com 513 709 1,222 
Wheat 153 128 281 
Barley 183 152 335 
The number of plots by crop is not conçlete. It includes only 
Cuzco, Apurimac, and Ayacucho. Data on number of plots is missing for 
Arequipa and Puno. 
Table 2.28. Metric tons of fertilizer used in demonstration plots by 
department, 196^, Peru 
Department Ammonium nitrate Superphosphate Potash 
Apurimac 2.625 2.029 O.8i5 
Arequipa 1.820 2.200 0.450 
Ayacucho 4.550 7.850 0.600 
Cuzco 10.452 4.421 0.050 
Puno 9.870 11.500 3.500 
Totals 29.317 28.000 5.415 
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The public sector's distribution system is more decentralized but 
the sales personnel take orders rather than soliciting them. Thus, they 
are not very effective in promoting fertilizer use. 
Weaknesses in the credit system 
The major sources of credit to the farmers are the Banco de Fomento 
Agropecuario del Peru, commercial houses, ejqjort associations, and CONAFER. 
The commercial houses and CONA.FER conplain that credit is hard to get and 
not well controlled. 
The major conplaint is that the large farmers misuse the money and 
the smaller farmers cannot get credit. It has been estimated that the 
Banco de Fomento Agropecuario supplies only about 23/^ to 29^ of agricul­
tural' s total requirements (13h). The private sector claims that 95^ of 
their fertilizer sales are on credit. About 80^ of CONAFER sales are on 
credit. 
The credit sales ty the commercial houses are by promissory notes 
which are discounted to the Banco de Fcmento Agropecuario or commercial 
banks. In other words, the bank loans the money twice for purchase of 
ag inputs, once directly and once indirectly through the commercial houses. 
The commercial houses corçlain that the larger farmers use the direct loan 
for purchase of consumer goods or vacations to Europe or the United States. 
(Even some larger farmers admit that this is true. ) The double loaning 
creates problems, especially when harvest and/or prices are poor, because 
the bank gets first claim and also charges the commercial house's account 
for the farmer's defaulted note. 
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Credit to thç farmer from the exporting association also creates 
some problems for the commercial houses. Because these agencies sell 
the farmer's product, they can deduct the loan from his sales. This 
leaves the commercial house holding the bag. Two major distributors are 
seriously considering the possibility of dropping fertilizer as a line 
because of a higher than normal rate of bad debts; a third major distri­
butor sold only to its low risk clients during i967-68. 
Size of plants with respect to demand 
Ihe Peruvian fertilizer industries do not show a balance between 
the demand for their products and their production capacities. 
Nitrogen production capacities are relatively small, 13,000 to 
18,000 metric tons per year. These plants are not of sufficient size 
nor use the proper process to produce nitrogen fertilizers at a reasonable 
cost. Their size with respect to demand and efficiency is too small. 
Efficient nitrogen production requires a demand of about twice Peru's 
current demand of 60,000 metric tons. In this respect, Peru will not be 
able to produce efficiently and cheaply solely for the domestic market. 
Production capacity for phosphate fertilizer is about four times the 
current demand. For this reason two plants recently shut down. The 
results of the small high cost plants have been high prices for the 
nationally produced products and high protective tariffs, which have both 
tended to stifle demand. 
Capacity of mixed fertilizers is about ten times actual demand, and 
their use (except for guano balanceado) is very limited. Ihe national 
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production of mixed fertilizer is also protected by high tariffs which 
tend to restrict their use. 
National fertilizer policy 
Even though CONAFER is charged with the responsibility of promoting 
fertilizer use, it is not able to do so because of lack of funds. The 
16 Government of Peru has not allocated funds for such a promotional program, 
and the private sector does not feel that it is worth the cost or effort. 
The only stated policy for fertilizer protection is the industrial protec­
tee ti on law, which protects national industry at the expense of agriculture. 
The rapidity of change in import policy demonstrates the power 
struggle between agriculture and industry. During I966, import duties 
changed six or seven times. Duties on nitrogen fertilizers varied from 
about 7^ to over 30/^» These finally settled at 7^ when the law required 
that 1/3 of nitrogen purchased be national production even though the cost 
of national production was 50/^ higher. 
Note: The private sector has donated or promised to donate for 
promotional purposes a total of 17 metric tons of fertilizer (5 tons each 
of ammonium nitrate, siitçle superphosphate, and ground phosphate concen­
trate, and 2 tons of potassium chloride). CONAFER is going to contribute 
another 10 to 12 metric tons of guano, ammonium sulfate, triple super­
phosphate and urea. These fertilizers are for pasture trials in the 
Selva, (Feb. i968). 
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CHAPTER III. PROGRAMMING A KEW SYSTEM 
The Basic Model to be Used 
One model which can be used to determine the optimal location of 
fertilizer production facilities is a standard linear programming model. 
In the case where per unit production and transfer costs are constant 
regardless of the, level of output the problem would be to: 
Minimize: U(x) = c'X^ + t'X^ 
Subject to: AX^ + 6 b 
X, s 0 
Where: 
c is a n 1 vector of production costs 
is a n by 1 vector of outputs 
t is a s by 1 vector of transportation costs 
X^ is a s by 1 vector of shipments from production centers to 
consumption regions 
A is a r by n matrix 
B is a r by s matrix, and 
b is r by 1 vector. 
However, in reality, production and transfer costs are not constant 
regardless of the level of output but vary directly with the rate of 
output and quantity transferred. Consequently, this model will be some­
what more conçlicated because: 
75 
(1) different production techniques may be considered at each pro­
duction location, and 
(2) different levels of production will also be considered at each 
production location. 
At this point it might be well to define some basic concepts 
that will be used throughout this study. 
(1) Location will refer to a well defined geographical spot vràiich 
may be a city or town. 
(2) Technique refers to a given method or system of production of 
the product in question. 
(3) Level of production refers to a point on the production function 
of a given technique. 
(4) A process is a given level of production of a specific tech­
nique at a given location. 
The problem in reality is to select the set of processes that will 
minimize the sum of production and transfer costs of nitrogen, phosphate, 
and potash fertilizer or: 
0.(x) = 
Subject to: + V.K + + BflN + % + 
+ 
X^. S 0 
i = M, P, K, G 
>, 0 
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Where: 
The c's are n x 1 vectors of production and import costs 17 
X^^'s are n x 1 vectors of outputs 
t's are s x 1 vectors of transportation costs 
X^^'s are s x 1 vectors of shipments from locations to consumption 
regions 
A's are r x s matrixes, and 
b is a r X 1 vector. 
Before it will be possible to select the set of processes that will 
minimize the sum of production and transfer costs, it will be necessary 
to make some simplifications to allow the problem to fit into a linear 
programming model. First, it will be assumed transportation facilities 
are available and can be contracted on a fixed cost per ton mile or other 
fixed unit basis. This will make transfer costs a linear function of 
distance. Second, an iterative process will be used in order to allow 
the entrance of economies to scale and select the best set of processes. 
The production points, i, and consumption points, j, may have the 
same number but are different geographical locations. The model to be 
used, U(x), is a linear approximation of U*(x). 
Thus the problem will be to: 
Minimize: U(X) = + t 
17 Note: The number of production costs n and transfer costs s may 
vary by fertilizer type. 
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Subject to: 
Set Restriction 
1 N. - ZN. . = 0 for all i 
j (i = 1, 2 13) 
2 p. - Z!p. . = 0 for all i 
^ j (i = 1, 2 5) 
3 K. - 21 K. . = 0 f or all i 
^ 3 ""Mi = 1) 
4 N-p. - 2 N_. . = 0 for all i 
^ j I'J (i = 1, 2 7) 
5 Pii " Z Pxii = ° all i 
j ^ (i = 1, 2 7) 
6 K-r- - £ K,. . = 0 for all i 
j ^ (i = 1, 2 7) 
7 G. - I G. . = 0 f or all i 
j = 1, 2) 
® \j ? ^lij ? "^ij °Nj 
^ (for all j) 
^ pij pnj P^ij ®pj 
(for all j) 
10 2 + I + £ ^^ij ^Kj 
(for all j) 
11 All decision variables ^ 0; 
12 Restrictions on iirçorts can be placed 
Meaning 
shipment of N from i to all 
j must = production of N 
at j 
(all j = 1, 2 13) 
shipments of p from i to all 
j must = production of p at i 
shipments of K from i to all 
j must = production of K at i 
imports of N at i must -
shipments of N from i to all j 
imports of p at i must = 
shipment of p from i to all j 
iuçorts of K at i must = 
shipments of K from i to all j 
production of guano at i 
must = shipments from i to 
all j 
for all j total shipments of 
N to j must = demand for N 
at j 
for all j total shipments of 
p to j must = demand for p 
at j 
for all j total shipments of 
K to j must = demand for K 
at j 
Non-negativity of all 
variables. 
if needed. 
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Where: 
Cost of nat'l production costs of imports 
D = X a^N. + X b.p. + z 01% + 2 Vli + Z «i Pu + 
; % + 
1 
Cost of guano Cost of transportation for 
national production 
Cost of transportation of imports Cost of transportation for 
guano 
f. ^ + S \j%lj + Z °1J 
-LJ -LJ -LJ 
K, P^, are the total national production of nitrogen, phosphate, and 
potash by process i respectively (the index i does not have to have the 
same range for N, P, K). 
Pj^, are the total iirports of N, P, and K imported by process 
i respectively. 
^i* ^i* °i the production costs of producing N, P, and K of 
process i respectively. 
^i* ®i' ^i the costs of importing N, P, K by iirport process i 
X8 
respectively. Import costs are assumed to be constant 
regardless of quantity imported, 
G_. is the total national production of guano of process i. 
18 
The word "process" does not strictly apply in these cases but will 
be used to sinçilify notations. 
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19 is the cost of producing guano by process i and is assumed constant. 
are the amounts of N, P, K shipped from irports process 
i to j-th consumption region. 
tj^j = cost of transportation one unit of N, P, or K, from process i to 
j-th consumption center. 
^ij ~ quantity of guano shipped from process i to j-th consumption center. 
g. . = transportation cost per unit of guano from process i to j-th con-J 
sumption center. 
n,p,k are the content coefficients for N, P, and K respectively in guano 
de islas. 
D^j, Dpj, are the quantities of N, P, and K demanded in consunption 
region j. 
^Ni' ^Pi* ^Ki' ^ Gi the lower limits on outputs of N, P, K and G, for 
process i. 
Mjji, are the maximum feasible outputs of Nr—P,-K, and G, 
for process i. 
This model will calculate the least cost method of supplying 
fertilizer to the Peruvian agriculture in the following way; 
Given, 
(1) the production techniques, 
(2) the production sites, 
(3) the level of demand by regions, and 
(4) the estimated transfer costs; 
the model will show 
19 Ibid., p. 76. 
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(1) the best production technique to satisfy the given level of 
demand, and 
(2) the best location of production and the resulting distribution 
system. 
Modifications of the ^sic Model 
The above model will be run in several ways. First, the current 
existing production capacity will be forced into the system, and imports 
will be allowed to satisfy the excess demand in the cheapest possible way. 
Second, the model will be run allowing free imports. This will show 
what type of a protection system would be necessary in order to permit 
current production capacity to function. 
The model will then be run at different levels of demand to determine 
the minimum level of demand necessary to support an "efficient" domestic 
industry where "efficient" means an industry that can compete with 
imports. 
81 
CHAPTER IV. SELECTION OF CONSUMPTION REGIONS 
Suimiary of Demand Projections 
Since 1952, about a dozen estimates of fertilizer needs and/or pro­
jected demand have been made. Some of these are based on trend lines, 
rate of extraction of soil nutrients, desirable fertilizer applications, 
etc. Not all of these will be summarized because the original publica­
tions are not available. These demands will be presented by specific 
groups. 
Estimates of nutrient extraction rates 
IngQ Oswaldo B. Gonzâlez T. In 1952, Gonzalez estimated extrac­
tion rates of plant nutrients (12). On the basis of 1.6 million hectares 
under cultivation (not including pastures), he calculated that: 
165,000 metric tons of N, 
77,000 metric tons of P, and 
162,000 metric tons of K 
would be necessary to equal the extraction rate. If pastures were to be 
fertilized at a rate equal to the extraction, the demands would be: 
246,000 metric tons of N, 
115.000 metric tons of P, and 
242,000 metric tons of K. 
In a later work he estimates that about 180,000 metric tons of nitrogen 
would be needed, based on extraction rates of plant nutrients. 
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Applied Economic Research, AER In I965. AER estimated fertilizer 
nutrient requirements based on projected demands for food crops assuming 
that the cultivated area for industrial crops is constant (2). The first 
step was to calculate extraction rates of N, P, and K by crop, using world 
averages. The next step estimated crop area for 1970, 1975• 1980, and 
1985. The appropriate factors were then multiplied by area cultivated to 
calculate extract ion of fertilizer nutrients from the soil. According to 
Applied Economic Research, the soil in Peru contains large quantities of 
potash which replaces the soluble potash about as fast as it is used. For 
this reason, they suggest that potash demand be taken at 25^ of the 
extraction rate. 
Projected extraction rates are the high levels for AER shown in Tables 
4.1, 4,2 and 4.3. 
Other methods of demand projection 
Wygard The method of projection used by Wygard in 1957 is not 
specifically defined. It appears that he used a type of demand function 
based on requirements rather than actual demand (11). His estimates were 
based on three levels of demand for I965 on the basis of minimum demand, 
demand based on a moderate increase, and demand on a moderate push by the 
State in the Sierra. Tables 4.1 and 4.2 summarize his projections. 
Cepal, Union Panamericana In I96O and i96i, these two entities 
estimated nitrogen consumption in Peru for I965 at 89,000 and 121,000 
metric tons respectively (11). 
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Table 4.1. Comparison of nitrogen demand projections in 1,000 metric 
tons, I962-I965, Peru* 
Year 
Applied 
Efconomic 
Research Wygard Little 
Banco 
Central 
de 
Reserva 
Heide Gaucher Aalto 
1962 (63.3)^ 68.6 58.3 
1963 (65.8)^ 77.9 58.3 
1964 (67.2)1 87.1 58.3 
1965 high (69.0)^ 111.5 74.5 96.4 58.3 
med. 88.7 
low 74.0 70.0 
1966 (54.2)^ 105.7 99.4 82.4 
1967 (56.3)^ 115.0 99.4 87.1 
1968 high 111.5 124.3 99.4 91.9 
med. 88.7 
low 74.5 
1969 133.6 99.4 96.6 
1970 high 137.4 142.9 185.1 
low 86.1 101.3 
1971 152.1 185.1 106.0 
1972 161.4 185.1 
1973 170.7 185.1 
1974 180.0 185.1 
1975 high 169.7 189.3 185.1 
low 121.8 
1976 
1977 
1978 
1979 
1980 high 203.7 
low- 151.2 
198^ high 237.3 
low 184.1 
* 
1 
Source (1), (2), ( 3 ) ,  (4), (8), (11), (13a). 
Note: Figures in parentheses denote production plus iitçjorts. 
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Table 4.2. Conçarison of phosphate demand projections in 1,000 metric 
tons, I962-I985, Peru* 
Year 
Applied 
Economic 
Research 
Banco 
Central 
de 
Reserva 
Gaucher Heide Little Krgard 
1962 (15.6)j 27.3 33.7 
1963 (18.1)| 27.3 41.6 
1964 (19.4)^ 27.3 49.5 
1965 high (15.4)-^ 53.4 27.3 57.3 107.1 
low 46.0 69.9 
1966 65.7 65.2 
1967 65.7 73.1 
1968 high 65.7 80.9 107.1 
low 69.9 
1969 65.7 88.8 
1970 high 70.0 65.7 96.7 
low 30.1 
1971 133.0 104.5 
1972 133.0 112.4 
1973 133.0 120.3 
1974 133.0 128,1 
1975 high 90.4 133.0 136.0 
low 42.6 
1980 high 108.9 
low 52.9 
1985 high 126.3 
low 64.4 
ISource (2), (3), (4), (11), (13a). 
^ote: Figures in parentheses denote production plus imports, 
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Table 4.3. Comparison of potash demand projections In metric tons, 
1962-1965, Peru* 
Year 
Production 
plus ^ 
ii)Ç)orts 
Applied 
Economic 
Research 
Gaucher 
1962 4,500 12,000 
1963 5.200 - 12,000 
1964 5,300 - 12,000 
1965 4,900 - 12,000 
1966 - - -
1967 48,800 
1968 — _ 48,800 
1969 - — 48,800 
1970 high - 152,700 48,800 
low- - 8,100 48,800 
1971 107,800 
1972 - - 107,800 
1973 - - 107,800 
1974 high - 189,400 107,800 
low - 11,500 -
1980 high 228,300 
low 
-
14,200 
-
1985 high 268,000 
low - 17,300 
-
*Source (2), (11). 
Estimated from guano production and Irport registers of CONAFER. 
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Arthur D. Little, Inc. In I96O Arthur D. Little, Inc., presented 
a program for industrial development in Peru under contract (3). In this 
report they do not make any demand projections for fertilizer nutrients. 
They reviewed Wygard's estimates made for the United Nations and estimated 
that these projections would not be realized until i968. This revision 
was based on a sharp drop in guano production in 1958 and 1959 which was 
not completely offset by iijçorts of nitrogen fertilizer. Tables 4.1 and 
4.2 show Arthur D. Little, Inc. estimates for fertilizer nutrients in i968. 
Banco Central de Reserva In I96I the Banco Central de Reserva pro­
jected consumption of P and N in Peru for I965 (4). This estimate is the 
closest to actual consunç>tion of all the projections made. The methodology 
is not explained in their report. They broke consumption down into guano 
and synthetic fertilizers and projected consumption of N and P on this 
basis. A summary of these projections is found in Tables 4.1 and 4.2. 
Estimated crop requirements and trend lines 
Gaucher, M. and Heide. M. A French team in cooperation with the 
Ministerio de Fomento y Obras Publicas made a study on the feasibility of 
developing a Peruvian fertilizer industry in I962 (11, (13a)* Gaucher 
estimated average needs for the periods 1962-1964, 1965-1970, and 1970-
1975. He based his estimates on specified formulas for major crops and 
estimated crop areas receiving fertilizers. Gaucher estimated demand 
based on needs according to fertilization rates and demands for the above 
specified periods. Tables 4.1, 4.2 and 4.3 summarize Gaucher's projections. 
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Heide calculated what he calls a learning curve. He based his 
20 learning curve on inflated guano demands. To do this, he calculated a 
trend line which shows what he calls demand for N and P. He then cal­
culated a trend line for N using the period 1959-1961. These three years 
were abnormal because nitrogen consultation fell drastically in 1958 and 
1959 due to a guano shortage. 
Guano consumption fell about 50^ in 1958 and an additional 30^ in 
1959. Part of this drop was covered by increased imports. Then in i96o, 
with the entrance of PERTISA, a slow recovery of guano, and a high level 
of inçorts, nitrogen consultation increased rapidly to i96i. It appears 
that Heide looked at the rapid increase in nitrogen consumption due to 
abnormal conditions, at the inflated demand based on orders for guano, 
and at Gaucher's step-demand function, and that he draw in a learning 
curve that corresponded more-or-less to Gaucher's estimates and projected 
production f^om proposed fertilizer plants,. 
His learning functions are: 
N = 50,000 + 9,285 X 
P = 18,000 + 7.867 X 
(where: N = nitrogen consultation, P = phosphate consumption, 
X = units of 1 year and X = 1 in i96o). 
His learning function for phosphate was calculated in a similar 
manner as for nitrogen. 
All farmers that order guano realize that they are only going to 
receive a portion of what they request. They therefore inflate their 
requests in hopes of getting a bigger share of the guano. The requests 
are limited to one metric ton of guano per hectare cultivated in an 
attendit to equalize the distribution of guano. 
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Tables 4.1 and 4,2 summarize his learning curves. 
Applied Economic Research In a second set of estimates made by 
AER in 19651 they calculated demand for fertilizer nutrients based on 
projected population, industrial crcps constant, and fertilizer require­
ments to satisfy incremental changes in food demand based on expected 
income changes. These data are summarized as the low demand for AER in 
Tables 4.1, 4.2 and 4.3. 
Aalto ing° Kalle A. Aalto, an expert from the United Nations 
Technical Assistance Operation, also estimated nitrogen demand (l). 
After concluding that the best (or closest to reality) was done by the 
Banco Central de Reserva del Peru, he extended the above mentioned pro­
jection to 1981 and adjusted it to allow for the entrance of new lands. 
His "demand function" is: 
N = 40,000 + 4,714.2 X 
(where: N = nitrogen consultation, X = units of time, and X = 1 in 
1959). 
A comparison of selected fertilizer nutrient demand projections is 
found in Tables 4.1 to 4.3. 
The most realistic demand projection appears to be the low figures 
estimated by Applied Economic Research under the following conditions: 
(1) the Coastal fertilizer market appears to be nearly saturated; 
(2) new lands are to be given to small and medium farmers which 
will restrict fertilizer demand due to: 
(a) lack of readily available funds to purchase inputs; 
(b) lack of technical knowledge; and 
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(c) lack of readily available marketing facilities; 
(3) transportation and marketing problems restrict the flow of 
inputs and marketing of production in the Sierra and new lands 
being opened in the Ceja de Montana (altitude of 2,400 to 5i000 
ft. ) ; 
(4) a large part of the farmers in the Sierra are illiterate, which 
adds to the normal problems associated with proving title to 
land or other tangible assets in order to get credit, and 
(5) lack of necessary funds either from the private of public 
sector hinders promotion of fertilizer use. 
It appears that this estimate will be a little high because it was 
made on the assumption that fertilizer would be used to increase output 
to the level needed to supply projected food demand given changes in 
population and income per capita. 
If the Government of Peru, or other international organizations, 
begin an intensive program to promote fertilizer use and resolve bottle­
necks in the marketing and distribution systems, the higher level of 
fertilizer demand projected by Applied Economic Research might be reached. 
If the fertilizer market should explode, it would be possible to 
reach the levels projected by Heide and Gaucher. 
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Consumption Patterns 
Historical consumption patterns 
Nitrogen consumption has been calculated by several agencies for 
different periods of time. These are summarized in Table 4.4 and Figures 
4.1 and 4.2. — 
The trend for the period 1945-1905 is: 
Y = 17.3 + 2.3% 
(0.251481)21 
(where: Y = nitrogen consuuçtion, X = units of tme and X = 1 in 
1945). 
If the trend is taken for the period 1945 to 1957, it is: 
Y = 12.4 + 3.4X 
(0.208485) 
(where: X and Y are the same as above) 
22 
These two trends are significantly different at the 0.999 level. The 
period 1945-1957 was taken as a comparison to the long run trend because 
the trend was fairly uniform until the large drop in guano production in 
1958. 
The trend from I96O to 1965 is: 
Y = 47.3 + 3.9X 
(0.35332) 
21 Figures in ( ) are values of s^. 
t  0.999 = 4.437, = 4.892 
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Table 4.4. Selected estimates of nitrogen consumption in 1,000 metric 
tons, I945-I967, Peru* 
Applied Banco 
Economic Central h 
Aalto Research de 
Res erva 
Heide A* B^ 
194  ^ 16.8 
1946 19.6 
1947 24.5 
1948 27.8 
1949 22.9 
1950 31.0 32.0 31.0 
1951 38.0 37.5 38.0 
1952 41.0 40.3 41.0 
1953 42.0 41.6 42.0 
1954 46.0 45.2 45.1 46.0 41.4 
1955 53.0 50.0 52.7 53.0 50.1 
1956 52.0 52.8 52.9 53.0 55.9 
1957 ^3.0 32.5 53.4 54.0 57.2 
1958 40.0 36.1 39.8 40.0 37.1 
1959 36.0 33i9 35.8 36.0 36.7 
i960 57.0 50.6 52.7 51.0 52.4 
1961 61.0° 53.3 61.0 56.3 47.8° 
1962 67.0° 58.8 61.0 
1963 69.0° 66.0 65.8 
1964 73.0° 67.2 58.8 
1965 69.4 51.3 
1966 54.2 
1967 56.3 
'Source (1), (2), ( k ) ,  ( 8 ) ,  (9a), (13a), (18). 
^Imports plus production. (Calculated on the basis of guano 
balanceado sales for the year plus production and imports of synthetic 
fertilizers for agricultural use.) 
^Mnisterio de Fomento y Obras Publicas. 
^Assumed consumption based on total .nitrogen irports, some of which 
went for industrial use. 
^Calculated on basis of sales reported by private and public sector. 
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(where: Y = nitrogen consumption, X = units of time and X = 1 in 
i960). 
This trend is significantly different from the overall trend of 
b = 2.3 and the trend 1945-1957 at the 0.9975 level.The two trends 
from 1945 to 1957 and I96O to I965 are not significantly different. This 
infers that the large drop in guano production tended to shift the growth 
function to the right rather than to change it significantly. 
Phosphate consultation is mainly in the form of guano. Very little 
phosphate fertilizers or phosphate in the form of mixed fertilizers are 
imported. Applied Economic Research has tabulated the relationship 
between that produced in the form of guano, that produced nationally, and 
that imported. (It should be noted that national production is made with 
inported rock phosphates.) There are many estimates made on consumption 
of phosphates in Peru. It appears that they are based on production of-
guano and not on sales. None of the agencies nor persons making the 
cfulculations explain how they were made. Table 4.5 and Figure 4.3 give 
a conç>arison of these estimates. 
The column labeled "guano" in this table estimates phosphates from 
guano as 8.75^ times guano rico sales plus the corresponding percentage 
24 times sales of guano fosfatado and estimated inports. This will be 
0.9975 = 3.495, = 4.5086. 
24 In some years the average content of phosphate in guano fosfatado 
was not given. In these years the general average was used. 
Table 4.5. Selected estimates of phosphate production and ingaorts in 1,000 metric tons, 1945-1965, 
Peru* 
Applied Economic Banco Central Heide Roberts on 
Tear Research de Reserva National 
Guano Total Guano Total Guano Total production Imports Guano Total 
1945 10.5 10.5 8.3 8.3 
1946 12.7 12.7 9.0 9.0 
1947 17.7 17.7 13.0 13.0 
1948 17.9 17.9 14.9 14.9 
1949 21.4 21.4 14.2 14.2 
1950 23.6 23.6 24.0 24.0 19.4 19.4 
1951 26.1 26.1 26.0 26.0 21.3 21.3 
1952 28.0 28.0 28.0 28.0 20.7 20.7 
1953 29.0 29.1 29.0 29.0 21.3 21.3 
1954 32.6 33.3 33.5 33.5 1.5 28.3 29.8 
1955 25.0 27.5 31.2 32.4 31.0 33.0 2.5 27.0 29.5 
1956 25-5 27.9 31.6 33.4 31.0 34.0 2.4 27.8 30.2 
1957 22.1 24.0 27.5 28.8 27.0 29.0 1.8 24.2 26.0 
1958 12.5 14,1 15.2 17.5 15.0 18.0 1.3 0.3 13.5 15.1 
1959 9.2 12.1 10.8 13.4 11.0 13.0 2.6 0.3 9.9 12.8 
i960 9.3 13.6 15.7 20.9 15.0 21.0 3.9 0.4 10.0 14.3 
1961 10.7 14.6 3.5 0.4 11.5 15.4 
1962 9.8 14.9 3.8 1.4 11.6 16.8 
1963 15.6 19.8 3.6 0.5 17.0 21.1 
1964 3.4 0.6 16.0 20.0 
1965 14.0 
^Source (2), (4), (?), (13a). 
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closer to actual sales than the other estimates. It should be recognizee 
that this estimate does not take into consideration changes in stock of 
imports and national superphosphate production. 
The simple trend line for the 20 year period is: 
Y = 13.295 + 0.429X 
(0.258132)^^ 
(where; Y = phosphate consuDÇition, X = units of time and X = 1 
in 1945). 
If the trend is run before and after the big drop in guano production 
which occurred in 1958 and 1959, the respective trends before and after 
are: 
Y = 6.974 + I.78x 
(0.150921) 
(where: X and Y are the same as above) 
and 
Y = 12.39 + I.7IX 
(0.412593) 
(where: Y = phosphate consumption, X = units of time and X = 1 
in i960). 
The long run trend is not significantly different from zero at the 
95^ level.The two trends from 1945-1957 and I96O to 1964 are not 
25 Number in parentheses are values of S^. 
t 
- ^0,95 = 1.734, = 1.662. 
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significantly different. They are significantly different from zero. 
These trends are illustrated in Figure 4.4. 
According to records available, commercial phosphate use began in 
about 1954. National production began in 1957 with about 200 tons of 
calcium superphosphate produced. However, the growth of the commercial 
superphosphate market has been slow and seems to have leveled off since 
i960. (Current capacity to produce superphosphate is being utilized at 
28 
about 30^ since I96O.) The overall trend in the use of commercial 
phosphate is: 
i = 1.195 + 0.3109x 
(0.226065) 
(where: Y = commercial phosphate consumption, X = units of time 
and X = 1 in 1957) 
29 
which is not significantly different from zero. ^  Table 2.24 indicates 
that to date the phosphate use in Peru is highly dependent upon guano 
sales. Figure 4.5 indicates that potash consumption is negligible in 
Peru. There appears to be no effort on the part of the private or public 
sector to promote potash consumption. Figure 4.5 shows potash imports 
plus potash in the form of guano sales since 1945. 
^4 = 0.182. 
pQ 
The rated capacity is 60,000 metric tons of 20^  P^O^. 
\.90 = 1.383, ^  1-375. 
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Current consumption patterns 
Consumption data by zone or region is available for nitrogen. The 
only data readily available on consumption of phosphate and potash 
patterns are based on nitrogen demand. 
Consumption of fertilizer by Department has been summarized by type 
(commercial, guano de islas, and manure) by Applied Economic Research. 
This may be seen on map 4.1. Map 2.2 shows the use of nitrogen by zone 
(i96i-i965), calculated by COMFER from their sales records and the sales 
reported by private distributors. jMaps 2.1 to 2.3 show the relationship 
of imports of fertilizer by type and port for I963-I965. 
These three sources conpare quite well (see Table 4.6). The 
differences can be accounted for in the movements of imports from ports 
in one area to other areas and differences in the relative weights of 
nitrogen. 
Criterion for the selection of consumption regions 
The selection of fertilizer consumption regions depends upon a set 
of interdependent relationships which involve the demand for food and 
commercial crops; availability of land, water and other inputs; natural 
boundaries; decision making units; accessibility to product and input 
markets; production functions and prices for the major crops; etc. Even 
though some of these relationships are not known, an attempt will be made 
to choose the boundaries of consumption regions as realistically as 
possible. 
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After the consumption regions are chosen, one point within the region 
will be designated as the consumption point for that region. This is 
necessary because of limitations on machine capacity and time. The con­
sumption point will be selected as that point which appears to be the 
most appropriate spot for distribution within the region. 
Table 4.6. Estimated fertilizer consurption, nitrogen consumption and 
fertilizer imports by consultation area and CONAFER zones. 
Peru* 
Percent of total Percent of Percent of 
estimated for Private Sector average nitrogen 
fertilizer use fertilizer use 
1961 imports I96I-I965 
Consumption area 
Lima-North 72 68 65 
Lima-Canete 14 27 21 
Sierra Central 7 (no ports) 7 
South 7  5  7  
CONAFER Zone 
1 31 42 37 
2 23 21 15 
3 9 5 13 
4  9 9 6  
5 14 18 15 
6 7 5 7 
7 7 (no ports) 7 
^Source (2), (9a), (20). 
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Availability and type of data There are projections available 
for specific type or groups of commercial and food crops. Some data 
exist on area cultivated by crops and department. S.I.P.A. (Servicio de 
Investigacion y Promocion Agraria) collects and publishes some data on 
rainfall by area. However, this would be very difficult to tabulate and 
analyze without an organized effort of several people and access to IBM 
facilities. 
An effort is being made to get the data necessary to calculating 
response to fertilizer for some crops. According to the instructors at 
La Universidad Agraria, the current data is not reliable because the 
students juggle it in order to make it consistent with the existing set 
of juggled data. However, a set of reliable data should be available 
within the next few years. 
Several large irrigation and colonization projects that will add 
more land and water to the current supply are being studied and built. 
Table 4.7 lists these projects and their probable conçiletion dates and 
the locations and sizes are shown on map 4.2. 
Substantial data are available on the highway system in Peru. 
Existing major roads or highways and projected access ways are shown on 
maps 4.3 and 4.4. These are not all paved. The Panamerican Highway, 
which runs from Tumbes to Tacna, is paved. The Garretera Central runs 
from Lima eastward and is paved almost to the border of the Department 
of Junin. 
Use of fertilizer by departments is available from the I96I Census. 
CONAPER also has sales of guano by agency. See maps 4.1 and 2.1. 
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Table 4.?. Expected additional agricultural land from projected coloniza­
tion and irrigation works, I965-I98O, Peru 
Project (1,000 hectares) 
new area 
Expected 
conçileted date 
Irrigation 
Tumbes 
Tinajones2 
ChimboteZ 
Casma^ 
Pativilca 
15.0 
24.0 
28.7 
2.0 
2.0 
1958^ 
"4 
"4 
> 
p 
La Esperanza 
La Cano^ 
La Joya2 
Aguada ELanca^ 
Panças del Cural^ 
2.1 
2.1 
7.0 
10.0 
3.1 
4 
_4 
1968^ 
Olmos^ 
Majes^ 
Choclococha 
Chira-Huaca 
100.0 
100.0 
8.5 
2.4 
1972 
1972 
1972^ 
Chira-Piura 
Jequetepeque 
Chao-Viru 
Santa Elena 
El Parais 0 
23.5 
64.0 
60.3 
1.2 
6.0 
-3 
.3 
J 
_3 
.3 
Santa Rosa 
Marcapomac ocha 
Cone on 
Pisco 
Rio Pampas 
6.0 
10.5 
26.0 
40.0 
35.0 
3 
•3 
•3 
"3 
13 
Acari 
Moquequa 
Tacna 
1.1 
3.1 
10.0 
-3 
_3 
.3 
Colonization 
Satipo^ 
Huancayo-Puerto Rico 
Tocache 
Oxapampa 
190.0 
600.0 
85.0 
20.0 
,3 
J 
.3 
J 
Projects approved by BID - not conçletely funded. 
2 
Assumed to be finished by 1975. 
3 Projects with feasibility study ooîîçsleted, in the process or pro­
posed, assumed to be corpleted by I98O. 
4 Under construction. 
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Regional decision making units Peru has several types of regional 
decision making units. The largest would be the nation itself which is 
corçosed of three major regions divided by natural barriers - the Coast, 
Sierra, and Selva. 
Other major regions are chosen by each governmental agency according 
to its needs or desires. Such areas are called development regions, 
zones, or regions. Often these regions are not designated very clearly 
because the boundaries are chosen on a metes and bounds system. The 
decision making unit for such an area is the agency which created it and 
if these areas overlap, there may be conflicting interests. There also 
appears to be very little coordination between the governmental agencies 
with respect to this type of regional devision. 
The best defined geographic decision making units are departments, 
30 provinces, and districts. A department, a relatively large area, 
corresponds to a state, a province to a county, and a district to a town­
ship or other such division. These three decision making units have some 
type of organized government and can, within limits, make decisions. 
A department is couçosed of several provinces and has a capital city 
which may or may not bear the same name. Currently there are 24 depart­
ments in Peru. Each one is governed by a perfect system, even though 
there is a provision in the Peruvian constitution that allows an elected 
local government. 
30 
^ The summary of these three decision making units is taken from a 
preliminary chapter of a Doctoral Thesis on local Government in Peru by 
William Furlong. 
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A province is conçosed of several districts. The ruling city or 
decision making unit is the capital of the province. The ruling body 
of the province is the mayor and town council elected by the people of 
that particular district. 
A district is an area that is governed by an urban center. In some 
cases it may be just an urban center, but it usually is an urban center 
within a rural area. Its ruling body is the mayor and town council which 
are elected by the town's people. The main purpose of this ruling body 
is to protect the interests of the urban center. 
Natural boundaries Natural boundaries in Peru divide the nation 
into three major regions - the Coast, Sierra, and Selva. The coastal 
plain runs from about 10 miles in width to a maximum of about 80 miles. 
It is a desert that is broken by irrigated river valleys (see map. 4.5). 
The Coast and Selva are divided by a high ridge of mountains that 
impedes the free flow of men and products between these two regions. 
The Selva is a large, sparsely-inhabited area on the eastern side of the 
Sierra. The Marginal Highway should open this area in the 1970's (see 
map 4.4). The Sierra has many valleys that are cultivated year-round, 
but because of limited access ways, some good potential areas are cut 
off from Lima, the major market in Peru. 
The consumption regions shown on maps 4.3 and 4.4 were selected on 
the basis of a priori knowledge of the departamental boundaries and 
access ways. Other factors considered in the selection process were 
intensity of fertilizer use and area cultivated ty department and/or 
river valleys, and proposed access ways, irrigation projects, and 
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colonization areas. 
To allow for changes in area cultivated from colonization areas, 
irrigation projects, and proposed highways, consultation regions were 
chosen for the periods I966 to 1975 and 1976 to I985. They are as follows: 
' 1966 - 1975 1976 - 1986 
1. Piura 1. Piura 
2. Chiclayo 2. Chiclayo 
3. Trujillo 3. Trujillo 
k .  Tarapoto 4. Tarapoto 
5. Casma 5. Casma 
6. Huanuco 6. Huanuco • 
7. Lima 7. Lima 
8. 8. Camisea 
9. Nazca 9. Nazca 
10. Cuzco 10. Cuzco 
11. 11. Puerto Carlos 
12. Vitor 12. Vitor 
13. Puno 13. Puno 
Allocation of fertilizer nutrients Fertilizer nutrients will be 
allocated on a weighted average of nitrogen usage calculated from the 
1961 census tabulation. This weighted average for 1970 corçares quite 
favorably with the calculations of CONAFER based on reported sales by 
31 The usage for 1985 was based on projected area cultivated by 
department. It was assumed that coastal departments would use 110 kilos 
of nitrogen/hectare; others would use 75. This was done to see the 
extreme shift that could take place with an intensive promotion campaign. 
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zone for I96I to I965. It varies somewhat for later periods due to 
changes in projected area under cultivation. For a cortçarison of the 
variation see Table 4.8. 
Phosphate and potash will be allocated on the basis of nitrogen 
consumption. This procedure was necessary due to insufficient data on 
actual use. However, the margin of error is probably insignificant. 
The allocation of fertilizer nutrients by consumption regions is 
given in detail in Table 4.9. These allocations are based on the total 
demand used in this study as summarized in Table 4.11. Table 4.12 shows 
the change in average nitrogen consumption for the periods 1970, 1975, 
1980 and 1985. 
Table 4.8. Comparison of nitrogen use in specified area for the periods 
1961-1965, 1970, 1975, 1980, and 1985, Peru 
Area $ of nitrogen 
1961-65 1970 1975 1980 1985 
Coast, Lima North 65 65 63 51 51 
Coast, Idma-Canete 21 21 19 22 18 
South 7 9 13 18 17 
Sierra Central 7 5 5 5 8 
S el va 4 6 
4.9. 
I 
1 
2 
3 
5 
6 
7 
9 
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13 
1 
2 
3 
5 
6 
7 
9 
10 
12 
13 
Allocation of fertilizer nutrients to assumed consumption regions in 1,000 metric 
tons, I97O-I985 « Peru 
N K2O 
L M H L M H L M H 
18.4 29.4 39.6 6.4 15.0 20.7 1.7 10.5 32.7 
14.1 22.5 30.3 4.9 11.5 15.9 1.3 8.1 25.0 
4.8 7.7 10.4 1.7 3.9 5.4 0.4 2.7 8.6 
4.1 6.6 8.9 1.4 3.4 4.6 0.4 2.3 7.3 
1.6 2.6 3.5 , 0.6 1.3 1.8 0.2 0.9 2.9 
23.0 36.6 49.2 8.1 18.6 25.8 2.1 13.0 40.6 
12.7 20.2 27.2 4.4 10.3 14.2 1.2 7.2 22.4 
1.6 2.6 3.5 0.6 1.3 1.8 0.2 0.9 2.9 
5.0 8.0 10.7 . 1.7 4.1 5.6 0.5 2.8 8.9 
0.8 1.2 1.7 0.3 0.6 0.9 0.1 0.4 1.4 
86.1 137.4 185.0 30.1 70.0 96.7 8.1 48.8 152.7 
20.6 28.8 32.0 7.2 1^.3 23.0 1.9 18.2 32.0 
26.2 36.5 40.7 9.2 19.4 29.2 2.5 23.2 40.7 
5»5 7.6 8.5 1.9 4.1 6.1 0.5 4.9 8.5 
4.6 6.4 7.2 1.6 3.4 5.2 0.4 4.1 7.2 
1.8 2.5 2.8 0.6 1.4 2.0 0.2 1.6 2.8 
31.4 43.7 43.7 11.0 23.1 35.1 3.0 27.7 48.8 
15.3 21.4 23.9 5.4 11.4 17.1 1.4 13.6 23.9 
1.8 2.5 2.8 0.6 1.4 2.0 0.2 1.6 2.8 
14.0 19.5 21.8 4.9 10.4 15.6 1.3 12.4 21.8 
0.6 0.8 0.9 0.2 0.5 0.7 0.1 0.5 0.9 
ia.8 169.7 189.3 42.6 90.4 136.0 11.5 107.8 189.4 
Table 4.9. (Continued) 
N 
''2°5 ^2° 
Region L M H L M H L M H 
1980 1 18.1 24.4 6.3 13.1 1.7 27.4 
2 22.1 29.7 7.7 15.9 2.1 33.3 
3 8.3 11.2 2.9 6.0 0.8 12.6 
4 3.6 4.9 1.3 2.6 0.3 5.5 
5 4.7 6.3 1.6 3.4 0.4 7.1 
6 3.0 4.1 1.1 2.2 0.3 4.6 
7 39.6 53.1 13.9 28.5 3.8 59.5 
8 2.4 3.3 0.8 1.7 0.2 3.7 
9 22.8 30.8 8.0 16.4 2.1 34.4 
10 7.6 10.2 2.6 5.4 0.7 11.4 
11 3.6 4.9 1.3 2.6 0.3 5.5 
12 12.4 16.7 ^.3 8.9 1.2 18.7 
13 3.0 4.1 1.1 2.2 0.3 4.6 
Tot a Is 151.2 203.7 52.9 108.9 14.2 228.3 
1 12.3 15.9 4.3 8.5 1.2 18.0 
2 21.9 28.1 7.7 15.0 2.1 31.9 
3 20.4 26.3 7.1 14.0 1.9 29.7 
4 10.3 13.3 3.6 7.1 1.0 15.0 
5 11.2 14.5 3.9 7.7 1.1 16.3 
6 9.2 11.9 3.2 6.3 0.9 13.4 
7 43.9 56.4 15.4 30.0 4.0 63.8 
8 1.3 1.7 0.5 0.9 0,1 1.9 
9 21.5 27.8 7.5 14.8 2.0 31.4 
10 9.2 11.9 3.2 6.3 0.9 13.4 
11 0.4 0.5 0.1 0.3 — 0.5 
12 16.2 20.9 5.7 11.1 1.5 23.6 
13 6.3 8.1 2.2 4.3 0.6 9.1 
Totals 184.1 237.3 64.4 126.3 17.3 268.0 
Table 4.10. Table of adjustments to reduce projected nutrient demand for projected guano de 
islas consumption hy assumed consumption region, Peru* 
Region 1970-1975 I98O-I985 
N P K N P K 
1 -0.1 
-0.7 -0.1 -1.1 -0.8 -0.2 
2 -1.2 -0.9 -0.2 -1.4 -1,0 -0.2 
3 -1.2 -0.8 -0.2 -1.3 -1.0 -0.2 
4 — — — — — 
5 -1.1 -0.8 -0.2 -1,3. -0.9 -0.2 
6 -0.3 -0.2 -0.3 —0.2 
7 -4.0 -2.8 -0.6 -4.6 -3.3 -0.7 
8 — — — — mm 
9 -1.7 -1.2 -0.2 -1.9 -1.4 -0.3 
10 -0.1 -0.1 
-
—0.2 -0.1 
— 
11 
12 
-1.5 -1.1 -0.2 -1.8 -1.3 -0.3 
13 - - - - -
*Note: These quantities should be subtracted from the appropriate figures in Table 4.9 to 
adjust for guano consumption. 
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Table 4.11. Demand estimates in metric tons of plant nutrient used in the 
linear program for determining optimum plant locations and 
distribution patterns 
Projection Year N kgo 
level ^ J  
low 86,100 30,100 8,100 
medium 1970 137,400 70.000 48,800 
high 185,000 96,700 152,700 
low ia,8oo 42,600 11,500 
medium 1975 169,700 90,400 107.800 
high 189.300 136,000 189.400 
low 151,200 52,900 14,200 
high 1980 203,700 108,900 228,300 
low 184,100 64,400 17,300 
high 1985 237,300 126,300 268,000 
Table 4.12. Estimated percent of total nitrogen consumption by consump­
tion regions, Peru, 1970-1985* 
Region^ 1970 1975 1980 1985 
1 21.4 16.9 12.0 6.7 
2 16.4 21.5 14.6 11.9 
3 5.6 4.5 5.5 11.1 
4 - - 2.4 5.6 
5 4.8 3.8 3.1 6.1 
6 1.9 1.5 2.0 5.0 
7 26.6 25.7 26.1 23.8 
8 - — 1.6 0.7 
9 14.7 12.6 15.1 11.7 
10 1.9 1.5 5.0 5.0 
11 2.4 0.2 
12 5.8 11.5 8.2 8.8 
13 0.9 0.5 2.0 3.4 
^For regions see maps 4.1 and 4.2. 
Note: The change in expected nitrogen consumption for the periods 
I97O-I98O is due to expected changes in cultivated area (see Table 4.8). 
For explanation of I985 consumption see footnote on page 112. 
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CHAPTER V. SELECTION OF PRODUCTION REGIONS AND TRANSFER COST FUNCTIONS 
Selection of Production Regions 
Locations of fertilizer minerals and natural gas 
Phosphate deposits are located at about 6° S and 80° ¥ in the 
Sechura Desert near Piura. This is one of the largest known deposits 
in the world and is under contract for development. There are two other 
known deposits in Peru. One is in the Department of Ica at about 14° 55' 
S, 76° 17' W; the other is in the Department of Junin at about 14° 21* 
S, 75° 40' W. 
The phosphate deposit in the Sechura Desert is being developed by 
Minera Bayovar S.A., which is the operating couçjany. The control is 
tightly held by a small group of investors. To cojtçly with the law, one 
of the investors, Midepsa Industries Ltd. of Montreal, will sell stock 
to any Peruvian investor at the market price on the Montreal stock 
32 
exchange. Minera Bayovar S.A. will pay the servicing charges. 
Sulfur is located with all copper, lead, zinc, and related ores. 
It is also found in southern Pem near Chile at about: 
17° 30' S, 69° 45' W. (Paucarami) 
17° 15' S, 70° 05' W. (Cano) 
17° 10' S, 70° 10' ¥. (Yucamane) 
17° 05' S, 70° 20' ¥. (lutupaca) 
^^Recently Kaiser Aluminum bought controlling interest in these 
deposits. 
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One other sulfur deposit is located near the phosphate deposit in the 
Sechura Desert but it is very small and will not be developed in the 
foreseeable future. 
Currently sulfuric acid (capacity of 200 tons/day of sulfuric acid) 
is being recovered from the smelter at La Oroya. This would make it 
possible to produce phosphate, fertilizer there. Potash brine is located 
in the Sechura Desert just north and east of the phosphate deposits. 
Minera Bayovar S.A. also has a contract to produce potassium chloride for 
fertilizer and possibly some other salts as by-products. They are making 
progress with their solar evaporation pits and seem to have a good 
product. 
Other salt deposits exist that have not been tested for possible 
potash salt content. They are located at about: 
12° 30' to 13° 30' S, 74° to 75° W. 
10° 30' to 11° 30' S, 74° to 74° 30' W. 
6° to 7° S, 75° to 76° W. 
Natural gas is located along the northern coast of Peru near Talara 
and in the Selva near Pucallpa. These areas are located at about 4° to 
5° S, 80° 30' to 81° 10' W, and 8° 10' S, 74° 40' W, respectively. The 
gas deposit in the Selva is being developed and will be piped to Lima. 
The projected line would run near La Oroya, making possible production of 
nitrogen fertilizers at or near La Oroya and Lima from natural gas. Map 
5.1 shows the more inçiortant locations of the above mentioned minerals 
and gas. 
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Given the above location of fertilizer materials, it would be possible 
to: 
1. Produce nitrogen fertilizers 
A. on the northern Coast 
B. in the Central Sierra 
C. in or near Lima. 
2. Produce phosphate fertilizers 
A. on the northern Coast 
B. in the Central Sierra 
C. in or near Lima. 
3. Produce potash fertilizers on the northern Coast. 
Map 5.2 shows the projected production sites. 
Location of supporting activities and transportation facilities 
Map 2.1 shows most of the more inçortant population centers along 
the Coast, in the Sierra, and in Sel va. Maps 4.3 and 4.4 show the major 
roads and projected access ways. 
Currently, additional electrical, water, sewage, and other such 
facilities would have to be installed in almost any site in order to 
support a new fertilizer production facility. Even Lima would not 
currently be able to handle the installation of a large plant in all of 
the above mentioned aspects. 
With this in mind, it appears reasonable to assume that the 
following fertilizer productions could take place: 
1. Phosphate fertilizers at 
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a. Bayovar 
b. Lima 
c. La Oroya, 
2. Potash fertilizers at Bayovar. 
.3. Nitrogen fertilizers at 
a. Paita 
b. Lima 
c. La Oroya 
33 d. Cuzco. ^  
Estimation of Transfer Cost Functions 
Given the above production sites and consmtçition points, transfer 
cost functions were calculated using work done by the following: Dr. 
Gene A. Mathia of the North Carolina State University Agricultural 
Mission to Peru; Ing. Lizardo de las Casas Moya, Chief of Marketing 
Investigation Department; and Gonzalez Silva Santisteban, Chief of Cost 
Analysis Department, Direction of Agricultural Economics, Ministry of 
Agriculture (17), This study is the first of its kind in Peru. The 
main objectives of this study were to: 
1. Estimate cost of operating various size trucks in the 
Sierra and Coast; 
2. Estimate effects of different products on truck costs; 
^^Cuzco is included because it has an existing plant. 
124 
3. Determine the most economical truck size for the Coast and 
Sierra; and 
4. Estimate trucking costs produced from selected origins and 
conçare these rates vjith published rates. 
Estimation of transfer costs 
Transfer costs were estimated for two speed levels, Coastal and 
Sierra road conditions, and varying lengths of truck life. Budgets were 
set up to include depreciation, interest maintenance, insurance, tax and 
miscellaneous expenses, and labor costs for different combinations of 
speeds, road conditions, expected life, and distance travelled per year. 
Because of the uncertainty of back hauls, costs were estimated on 
a one-way basis. Ihis is not too unrealistic because of the nature of 
the product. Generally the fertilizer is needed at other than harvest 
time, which lowers the probability of securing cargo for the return trip. 
One of the most interesting features of this study is that it shows a 
diseconomy-to-scale for trucks both in the Sierra and the Coast due to 
the higher fixed costs for the larger trucks. 
Assumptions and .justifications for selecting truck size 
The above mentioned study demonstrated that, both on the Coast and 
in the Sierra, a six metric ton truck was more economical than an eight 
metric ton truck. Two limiting factors that tend to prohibit the use of 
larger trucks in the Sierra are tight turns and low bridge capacity (at 
times only 5 metric tons). Costs for a four metric ton truck will be 
used in this study because this truck can be sent to any part of the 
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country with very little difference in cost under the same operating 
conditions for a six metric ton truck. 
The average operating speed was 40 kilometers per hour for the 
Coast and 20 for the Sierra. It will also be assumed that the trucks 
will cover an average of 80,000 kilometers per year. The actual cost 
functions used to estimate transfer cost for fertilizer are 29 Peruvian 
cents per ton per kilometer for the Coast and 52 for the Sierra. 
To calculate the cost functions from production points to consump­
tion centers, distances were broken down into Coastal and Sierra seg­
ments, multiplied by the respective factor, and summed. Table 5.1 
summarizes the estimated transport costs per metric ton. 
To calculate cost functions for imported fertilizers, the same 
cost functions were used. The distances were calculated from the con­
sumption center to the nearest port capable of handling fertilizer 
34 
shipments. Table 5.2 summarizes these costs. 
34 Note: Callao is not used as a port of entry for fertilizers 
because of the high costs involved. Huacho is used instead because 
in practice it is cheaper to use Huacho and truck the fertilizer to 
• Lima. 
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Table 5.1. Estimated transfer costs for fertilizer from production 
points to consumption centers in soles per metric ton, 
Peru 
Origin 
Destination Cachimayo Lima Paita 
1 Piura 770 290 (350)* . 15 
2 Chiclayo 690 210 (200) 95 
3 Trujillo 635 155 (180) 150 
4 Tarapoto 1,100 525 350 
5 Casma 585 105 (150) 200 
6 Huanuco 630 210 (200) 515 
7 Lima 480 5 305 
8 Camisea 686 380 685 
9 Nazca 350 130 (150) 4^  
10 Cuzco 10 490 (800) 795 
11 Puerto Carlos 200 690 995 
12 Vitor 365 270 0
 
0
 
575 
13 Juliaca (Puno) 190 425 (700) 735 
^Figures in parentheses are quotes received from trucking firms in 
1967. These rates vary according to demand for trucking services. 
Table 5.2. Transfer costs from nearest suitable port to respective consungjtion center in soles 
per metric ton, Peru. 
Destination Origin 
Matarani Pisco Huacho Chimbote Salaverry Pimentel Paita 
Piura 15 
Chiclayo 5 
Trujillo 5 
Tarapoto 335 
Casma 15 
Huanuco 250 
Lima 40 
Camis ea 420 
Nazca 65 
Cuzco 365 
Puerto Carlos 555 
Vitor 25 
Juliaca i85 
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CHAPTER VI. PRODUCTION COSTS 
The major chemical fertilizers used in Peru are urea, ammonium 
nitrate, and ammonium sulfate. Fertilizers of secondary importance are 
simple supherphosphate and various medium grade mixtures. High analysis 
fertilizers such as diaramonium phosphate (l6:48:0 or 18:46:0) or grades 
such as 15:60:0, 29:29:0 and 34:18:0 are just being introduced into Peru. 
There are no data available to determine idiich fertilizers respond best 
to specific Peruvian conditions. Therefore, urea, triple superphosphate, 
and potassium chloride will be considered in addition to guano de islas, 
ammonium nitrate, ammonium sulfate, and simple superphosphate which are 
currently produced in Peru. These will be the fertilizers considered 
because: 
1. cost data for other fertilizers were not available to the author, 
2. transportation costs are relatively high and can be lowered per 
unit of plant food by producing high analysis fertilizers, 
3= there are proposed facilities to produce the above three men­
tioned fertilizers, and 
4. from the existing data on soil fertility, it is difficult to 
determine a (or several) fixed N-P-K ratio(s). 
Anhydrous ammonia and liquid phosphoric acid will not be considered 
even though they are very cheap sources of nutrients and will be produced 
as intermediate products for urea and triple superphosphate. Even though 
they are not considered in this study, there is no reason that plants 
located in areas with sufficient land suitable for direct liquid 
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application could not install such facilities. The main reasons for not 
considering these products are the limitations on machine capacity and 
lack of cost data. 
Given the types of raw materials available, Peru can produce nitrogen, 
phosphate, potash and/or complete or mixed fertilizers. Nitrogen produc­
tion has previously been studied. Potash production should soon be 
evident with the develq^ment of solar evaporation pits by a Peruvian 
company. (However, production costs for potash wiU not be estimated 
because of a lack of adequate data: also, this production will be mainly 
for exportinjg. The domestic price will be taken as a constant at $50.00/ 
MT FOB plant plus 10$^ for marketing costs.) Phosphate production will be 
aided by the development of one of the world's largest known phosphate 
deposits as soon as financing is made available. Anhydrous ammonia 
production will be treated in this study as an input to producing urea. 
Production of triple superphosphate will be considered for projected 
phosphate facilities. 
Nitrogen Production Costs 
Nitrogen production costs will be calculated for the domestic pro­
ducers, packet, medium sized, and relatively large plants. 
Domestic production costs 
Domestic production costs will be calculated for FERTISA, Cachimayo, 
and guano de islas. 
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FERTISA FERTISA is the only private domestic producer of 
35 
nitrogen fertilizers. Since the basic data to calculate a representa­
tive cost curve is not available, its production cost will be assumed at 
$300 per metric ton of nitrogen. This is the FOB plant price to the 
farmer which was fixed by Supreme Decree 352-H of 14 October, I966. It 
will also be assumed that FERTISA will produce at full capacity and sell 
all of its production except in the case of the open model. 
Cachimayo Data do exist on actual and projected production costs. 
However, production costs have no effect on the selling price of the 
final product. The minimum price of the final product is determined by 
Supreme Decree 78-H of March 25, 1966, at S/.1,800, or $200.00 per metric 
ton of nitrogen FOB plant. Supreme Decree 252-H fixes a maximum price 
of $314.00 per metric ton of nitrogen in its "area of influence".The 
plant has not been successful in its marketing endeavors and is currently 
selling to CONAFER at $200.00 per metric ton of nitrogen FOB plant. To 
this price is added a commission of about $11.00 per metric ton of nitro­
gen to cover marketing costs (excluding transportation costs). Cachimayo 
is also having difficulties getting sufficient electrical power. It can 
only operate at about 60^ of capacity until the generator problem is 
35 For more detail see the appropriate section of Chapter II. 
Supreme Decree 352-H specifies that imports will be regulated to 
permit domestic producers to sell all of their production. 
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The "area of influence" of Cachimayo is defined as the five 
southern departments of Peru. 
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solved at Machu Picchu. (This does not appear probable in the near 
future,) For programming purposes Cachimayo's production will be taken 
at 60^ for the 1966-1975 period and at 100^ for the later period. 
Guano de islas The cost for guano will be taken at the price 
as fixed ly ministerial resolution. It will not be affected by rate of 
output. 
Guano production will be assumed as follows : 
average 1966-1975 86,000 metric tons 
I975-I985 100,000 metric tons. 
This is due to the recent drop in bird population and its expected 
recovery. The current price of nitrogen from guano rico is about 
$261.00 per metric ton. This includes the phosphate and potash content 
free. Guano rico is about 14:9:2. Guano balanceado (12:10:1.5) is 
sold for $59.51 metric tons (bulk) or bagged at $68.84. It is priced on 
the basis of $261.20/metric ton of N^, $261.20/metric ton of P^O^, and 
$223.88/metric ton of K^O (bulk price). 
Packet plant (urea) 
CONAFER was able to foresee the sudden drop in guano production. In 
an attençt to offset the sudden drop of domestic nitrogen, offers for 
packet plants were solicited. One proposal received was for a plant with 
a capacity to produce 125 short tons of urea per day, 330 days per year, 
or 17,245 metric tons of nitrogen per year. The cost estimates were 
revised by CONAFER technicians and are listed below: 
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Direct costs per year 
Ammonia (20^ gas) $ 531 >300 
electricity 124,575 
cooling water (sea) 37,125 
water (for steam) 11,344 
steam 132,000 
sacks 222,750 
coating material 7,673 
$1,066,797 
Indirect costs per year 
labor and supervision 95,212 
maintenance 279,500 
administration and overhead 95,212 
amortization (10 year straight line) 1,087,000 
real estate taxes (2^) 217,400 
Sub total (indirect) $1,774,324 
15^ return on investment 1,793.550 
total indirect: $3,567,874 
Investment costs: 
on and off-plot 10,870,000 
working capital (10^) 1,087,000 
$11,957,000 
Direct cost/metric ton of nitrogen: 
20^ gas $61.86 (Northern Peru) 
40^ gas $70.55 (Lima, La Oroya) 
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Indirect cost/metric ton of nitrogen at 100^ capacity: 
$206.89 
For more detail see Table 6.1. 
However, due to high total outlay per metric ton of nitrogen, 
COMFER decided not to continue with the packet plant project. This 
high outlay was due to high financing costs, which was 100^ financing on 
a 10 year loan. It will be considered in this study as one alternative 
under equity financing because of high transportation costs. 
Medium size plant (urea) 
One of CONAFER's basic responsibilities established by law is to 
study how and when to use natural resources for fertilizer production 
and then to produce fertilizer when warranted. To fulfill this part of 
their obligation, CONAFER obtained the services of a United Nations 
expert, Ing° Kalle Aalto. He studied the fertilizer market and designed 
a medium sized urea plant with a capacity of 338 metric tons of urea per 
day, or 51.775 metric tons of nitrogen per year. This was presented as 
one possible way to overcome the deficit in domestic nitrogen production. 
Production costs were reasonable. But after considering amortization and 
interest costs on a 10 year 100^ financing plan, the total outlay per 
metric ton of urea was relatively high, about $108.00 per metric ton of 
urea. Imported urea at that time was $105.00 and is now about $77-00. 
Therefore, this plant will be considered under an equity financing 
arrangement. Such financing will cut total outlay by about $30.00 per 
metric ton of urea. 
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Table 6.1. Estimated production costs per metric ton of nitrogen in a 
114 metric ton/day urea plant, (125 short ton/day) 
$ capacity^ MT of N/year 20^ gas 40^ gas 
100 17,245 $268.75 $277.44 
95 16,383 279.64 288.33 
90 15,521 291.73 300.42 
85 14,658 305.27 313.96 
80 13,796 320.48 329.17 
75 12,934 337.71 346.40 
70 12,072 357.41 366.10 
65 11,209 380.16 388.85 
60 10,347 406.88 415.37 
^Not feasible to operate at less than 60^ of capacity. 
The projected costs of this plant are listed below: 
Direct cost per year: 
cooling water (sea) $ 160,122 
process water 126,140 
steam 422,067 
electrical power 696,300 
natural gas (20^ ) 961,600 
oil and lubricants 51,600 
chemicals 45,800 
catalysts 29,000 
sacks 900,000 
total direct costs $3,392,629 
Indirect costs: 
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administrative etc. 
wages and supervision 
amortization (10 year straight line) 
maintenance 
real estate taxes 
sub total indirect costs 
15^ return on investment 
total indirect costs 
Investment costs: 
on and off-plot 
working capital (10^1) 
Direct costs/metric ton of nitrogen: 
20^ gas $65.53 (Northern Peru) 
40^ gas $84.10 (Lima, La Oroya) 
Indirect cost/metric ton of nitrogen at 100^ capacity: 
$147.97 
For more detail see Table 6.2. 
Relatively large plant (urea) 
Due to recent changes in processes, ammonia production costs have 
been drastically cut. To use this new process it is necessary to produce 
600 short tons (about 54-5 metric tons) per day. A plant this size will 
feed a 1,000 metric ton per day urea plant. This would produce about 
150,000 metric tons of nitrogen per year. The following costs are esti­
mated from current literature on large, low cortçjression nitrogen 
$ 406,800 
274,400 
2,092,800 
1,015,300 
418,560 
4,207,860 
3,453,120 
7,660,980 
20,928,000 
2,092,800 
$23,020,800 
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Table 6.2. Estimated production costs per metric ton of nitrogen in 
338 metric ton/day urea plant 
$ Capacity^ MT of N/year 20# gas 40# ga6 
100 51,775 $213.50 $232.07 
95 49,186 221.29 239.86 
90 46,598 229.94 248.51 
85 44,009 239.61 258.18 
80 41,420 250.49 269.06 
75 38,831 262.56 281.13 
70 36,243 276.91 295.48 
65 33,654 293.17 311.74 
60 31,065 312.14 330.61 
^Not feasible to operate at less than 60^ of capacity. 
production facilities and adjusted somewhat for Peruvian conditions: 
Direct costs: 
natural gas (20^) $1,3331200 
electricity 47^,0^0 
water (process and cooling) 201,880 
steam 336,600 
chemicals and catalysts 141,400 
clay (coating) 239,760 
sacks 1,115,550 
sub total direct costs 3,843,440 
Indirect costs: 
labor and supervision 302,880 
overhead and administration 752,880 
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maintenance 696,200 
real estate taxes 800,000 
amortization (10 year straight line) 3.500,000 
sub total indirect costs 6,051,900 
15/^ return on investment 6,750,000 
12,801,960 
Investment costs: 
on and off-plot 40,000,000 
working capital 5,000,000 
$45,000,000 
Direct costs/metric ton of nitrogen: 
20^ gas $27.27 (Northern Peru) 
40^ gas $35.97 (Lima, La Oroya) 
Indirect costs/metric ton of nitrogen at 100^ capacity; 
$83.57 
For more detail see Table 6 . 3 .  
In order to be consistent with the current marketing system, selling 
costs (distributors' commissions) will be calculated as 10^ of an esti­
mated FOB plant price of the small, medium, and larger urea plant as 
follows : 
Estimated FOB price/ Commission 
Size MT of urea $/MT of N 
small $148.00 $32.90 
medium 121.00 26.90 
large 79.00 17-55 
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Table 6.3. Estimated production costs per metric ton of nitrogen in 
1,000 metric ton/day urea plant 
^ Capacity MT of N/year 20^ gas 40(^ gas 
100 153.180 $110.84 $119.54 
95 145,521 115.24 123.94 
90 137,862 120.13 128.83 
85 130,203 125.59 134.29 
80 122,544 131.74 140.44 
75 114,885 138.70 147.40 
70 107,226 146.66 155.36 
65 89,567 155.85 164.55 
60 91,908 166.56 175.26 
84,249 179.22 187.92 
50^ 76,590 194.42 203.12 
These plants are not designed to operate at less than 60^ of 
capacity. However, they can be operated at full capacity and shut down 
for short periods of time. The costs for shut down and start up are not 
considered in these two estimates. 
Storage costs are not included in order to treat iirçorts, current and 
projected production equally. 
Phosphate Production Costs 
Production costs will be calculated for the domestic producers and 
for plants that can produce 104,400 metric tons and 225,000 metric tons 
of triple superphosphate (46^ PgO^) per year. 
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Domestic production costs 
Domestic production costs will be calculated on the basis of FOB 
plant price. The discounts for Piura and Cuzco will not be considered to 
simplify programming. This price is $260.70 per metric ton of PgO^ 
($j2.l4) FOB of superphosphate 20^ P0_. This price is used because cost 
data are not available to calculate a cost curve. 
Triple superphosphate production costs 
Production of triple superphosphate appears to be much better for 
Peru than normal superphosphate because of high transportation costs. 
Production costs have been estimated for each of the possible production 
sites by adjusting data published by the Sulfur Institute for Peru and 
data from T.V.A. (21), (22). The plants considered have capacities to 
produce 104,500 and 225,000 metric tons of 46^ triple superphosphate per 
year, respectively. Costs for these plants will be based on imported 
rock costs for the period 1966-1975- For the period 1976-1985 costs will 
be based on the purchase of rock from Bayovar in the Sechura Desert at 
$8.00 per metric ton, plus transportation to the plant site. 
Medium sized phosphate plant 
Cost estimates for a medium sized triple superphosphate plant are 
based on data published by the Sulfur Institute and adjusted for Peruvian 
conditions for the above mentioned periods (21). 
Estimated costs using imported rock; 
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Direct costs per year; 
phosphoric acid $4,144,000 
phosphate rock (34^) 1,302,240 
power 6,900 
fuel oil 20,700 
sub total direct costs $5,473,840 
bags and bagging $9.6? per MT of 
Indirect costs per year; 
labor and supervision 74,000 
maintenance & supplies 92,200 
depreciation (10/È) 200,000 
overhead and administration 74,600 
15/^ return on investment 345,000 
taxes and insurance (3^ of investment) 60,000 
845,800 
For more detail see Table 6.4, 
Table 6-5 summarizes estimated production costs for the I976-I985 
period using Bayovar rock. 
Larger phosphate plant 
The cost data for this plant are based on a study done by T.V.A. 
for India (22). The data was revised as much as possible for Peruvian 
conditions. 
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Table 6.4. Estimated production costs per metric ton of using 
imported rock for Lima-Callao, Bayovar, La Oroya, in a 
medium sized plant, 1966-1975. Peru^ 
$ Capacity MT of PgO^/year $/Mr of PgOg 
100 48,100 141.05 
95 45,695 141.98 
90 43,290 143.01 
85 40,885 144.16 
80 38»480 145.45 
75 36,075 146.92 
70 33,670 146.59 
65 31,265 150.52 
60 28,860 152.78 
55 26,455 155.44 
50 24,050 158.68 
45 21,645 162.55 
40 19,240 167.43 
Transportation costs of phosphate rock to La Oroya will be higher 
than for the other points. However, it is estimated this cost will be 
offset by a lower sulfuric acid cost at La Oroya. 
Table 6.5. Estimated production costs per metric ton of P0_ using Bayovar 
rock at Lima, La Oroya, and Bayovar, medium sized plant, 1976-
1985, Peru 
$ Capacity MT of P^O^ 
At other points 
$/MT PgO^ 
At Bayovar 
$/MT PgO^ 
100 48,100 127.29 121.89 
95 45.695 128.22 122.82 
90 43,290 129.25 123.85 
85 40,885 130.40 125.00 
80 38,480 131.69 126.29 
75 36,075 133.16 127.76 
70 33,670 134.83 129.43 
65 31.265 136.76 131.36 
60 28,860 139.02 133.62 
55 26,455 141.68 136.28 
50 24,455 144.88 139.48 
hé 21,645 148.79 143.39 
40 19,240 153.67 148.27 
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Estimated cost using imported rock; 
Direct cost per year; 
phosphoric acid $8,100,000 
phosphate rock (3^^) 2,503.785 
power 17,325 
sub total direct costs $10,681,110 
bags and bagging $9.67/MT PgO_ 
Indirect costs per year; 
labor and supervision 144,750 
maintenance and supplies 186,000 
taxes and insurance 93.000 
overhead, administration, etc. 193.500 
depreciation (10^) 310,000 
15^ return on capital 511.500 
sub total indirect costs $1,408,750 
For more detail see Table 6.6. 
Table 6 . 7  summarizes the above data using Bayovar rock. 
Marketing costs per metric ton of will be treated in the same 
manner as nitrogen in order to keep the system consistent with nitrogen. 
These costs are given below: 
Fiant size FOB price MT PgO^ (46^) Commission MT of P^O^ 
medium 1966-1975 $68.35 $11.90 
medium 1980-1985 $61.10 $10.60 
larger 1966-1975 $62.00 $10.80 
1980-1985 $59.05 $10.30 
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Table 6.6. Estimated production costs per metric ton of using 
imported rock at Bayovar, Lima-Callao, La Oroya in a larger 
plant, I966-I975. Peru! 
^ Capacity MT PgO^/year $/Mr PgO^ 
100 103,500 126.95 
95 98,325 127.67 
90 93,150 128,46 
8) 87,975 129.35 
80 82,800 130.35 
75 77,625 131.44 
70 72,450 132.78 
65 67,275 134.28 
60 62,100 136.03 
55 56.925 138.09 
50 51,750 140.56 
45 46,575 143.59 
40 41,400 147.37 
Transportation costs of phosphate rock to La Oroya will be higher 
than for the other points. However, it is estimated this cost will be 
offset by a lower sulfuric acid cost at La Oroya. 
Table 6.7. Estimated production costs per metric ton of P^O- using 
Bayovar rock in a larger plant, I976-I985. Peru 
lacity MTPgO^ 
per year 
Cost at 
Bayovar 
Cost at 
other 
points 
100 103,500 $110.33 $122.57 
95 98.325 111.05 123.29 
90 93.150 111.84 124.08 
85 87,975 112.73 124.97 
80 82,800 113.73 125.97 
75 77.625 114.87 127.11 
70 72,450 116.16 128.40 
65 67,275 117.66 129.90 
60 62,100 119.41 131.65 
55 56,925 121.47 133.71 
50 51,750 123.94 136.18 
45 46,575 126.97 139.21 
40 41,400 130.75 142.99 
1# 
CHAPTER VII. PROGRAMMING RESULTS 
Required Adjustments in the Programming Procedures 
Adjustments for guano 
In the model, guano was shipped only to the consumption regions 
nearest the supply points. Guano entered the solution in this manner 
because of its cheap price and relatively high transportation cost per 
unit of nutrient. It was competitive with iiiçiorts and projected national 
production in terms of price per unit of nutrient. It cannot compete as 
favorably when transported over long distances because of its relatively 
low nutrient content. These factors restricted its use to the consumption 
regions closest to the supply points. 
Guano was allowed to enter only at two supply points because of 
machine capacity limitation. The model used was 139 x 272. Machine 
o O 
capacity was I50 rows which did not allow more guano supply points. 
To allow guano to enter as it does in the real world would require a 
separate program because of its complex supply and distribution system. 
It is harvested from many islands and points along the Coast and distri­
buted through some 30 outlets throughout Peru. The distribution of guano 
is also controlled on a prorate basis as determined by Ministerial Resolu­
tion. It was not possible to build all these restrictions in this model. 
oO 
Because guano supply is limited, any increase in fertilizer demand 
must be satisfied by chemical fertilizers. Therefore actual and projected 
fertilizer production capacity was given highest priority in allocating 
the limited computer capacity. This limitation is not important in the 
final solution. 
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Instead, demands for nitrogen, phosphate, and potash were adjusted for 
each consumption region on the basis of historical consumption patterns 
and projected guano sales. The adjustment factors are shown in Table 4.10. 
This adjustment appears to be reasonable for the next 5 to 10 years 
because of the political nature of its use and distribution. Its price 
is very favorable and is controlled by government regulation and public 
opinion. The major users are able to control to a large extent the distri­
bution pattern to assure that a substantial share goes to the large 
farmers. Its distribution costs do not make it economical in the Sierra 
or other places far from the supply source. 
Location of new nitrogen facilities 
Before regional demands by expected guano sales were adjusted in this 
study, a new nitrogen facility was projected for Lima with its expected 
production cost not more than 20^ higher than a similar plant located at 
Paita. After this adjustment, the best location shifted to the northern 
point for the 1970, 1975, and 1980 projected demands.In the case of 
projected demands for 1985» the best location is Lima with or without 
adjustment for guano because of a more even distribution of demand 
throughout the country. 
Adjustments of costs along cost curves 
In the iterative process the projected nitrogen facilities for Lima 
were more advantageous than the northern location because the Lima 
^^The projected distribution pattern changes slowly for these years. 
In the preliminary runs all levels of demand were used. For the final 
runs only four levels of demand were used. 
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location had a larger market area. Thus, as the costs were adjusted up 
and down the cost curves according to production levels, the projected 
lima facilities slowly took over the nitrogen market. When the results 
were checked, the projected Lima facilities gave a lower total cost (pro­
duction plus transportation) than the northern location before the adjust­
ment of demands by the historical guano consmrçition pattern. After 
regional demands for guano were adjusted, the problem was run again. The 
results turned out the same (i.e., the Lima plant slowly absorbed the mar­
ket). When the results were checked, the northern location gave a lower 
total cost than the more central location of Lima except in the case for 
the 1985 consumption pattern. 
Solutions 
The solutions to the different alternatives and variations are shown 
in Tables 7.1 through 7.1?. The conditions of each alternative or varia­
tion are given below. All results below are to be taken in the light of 
the given or estimated demands and/or costs. Table 7.18 presents required 
tariff protection for all alternatives. Table 7.19 shows profit maxi­
mizing prices by regions, given the restrictions that there is no tariff 
protection and specified GIF prices. Tables 7.20 and 7.21 present the 
cost differentials of the various alternatives. 
Alternative 1 low level of demand 1970 
Alternative 1 considers the low level of demand projected for 1970 
adjusted for guano. The first variation, solution 1.1, allows only the 
14? 
cheapest sources of nutrients to enter and assumes that any excess produc­
tion can be exported. In this case the cheapest wary to satisfy national 
demand is from two large nitrogen and phosphate plants located at Lima 
and Paita and the projected potash facility at Bayovar. Presently, two 
large nitrogen and phosphate plants are not feasible due to high capital 
requirements. 
Variation 2, solution 1.2, considers that only one large nitrogen 
and one phosphate plant can enter. The result is a large nitrogen plant 
at the north and the phosphate plant at Lima. 
These two variations require no protective tariffs. 
Variation 3. solution 1.3» considers that there will be no exports. 
In this case, the large nitrogen plant at Paita needs protection and 
cannot compete with Cachimayo in regions 10 and 13. The phosphate 
facility at Lima changes from large to medium and requires some protec­
tion. Table 7.18 shows the protection required for specific alternatives 
and variations. 
Variation 4, solution 1.4, considers that existing national produc­
tion facilities must enter and that there is no export market. This 
variation requires protection. 
The last variation of this alternative considers that the existing 
production facilities must be used and that the projected facilities will 
have an export market. These last two alternatives would require some 
^^The capital requirements would be approximately $120,000,000. The 
present and projected foreign exchange position of Peru (13b) indicates 
that this level of investment in fertilizer plants is unrealistic within 
the next 5 years. 
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type of a control sy item to permit the existing facilities to sell their 
high cost output. 
Alternative 2 medium level of demand 1970 
Alternative 2 considers the medium level of demand projected for 1970. 
It consists of the same basic variations as above with the exception of 
the first one. Protection is required only for the existing industry and 
not for new facilities. 
Alternative ^  high level of demand 197Q 
Alternative 3 presents some problems because of the level of demand 
for nitrogen and phosphate with respect to plant capacity. One larger 
nitrogen plant and one larger phosphate plant are not sufficient to supply 
the internal market. Therefore, for variation 1, solution 3.1, two 
nitrogen and two phosphate plants are allowed to enter. 
Variation 2, solution 3 .2 ,  considers no exports and allows only that 
national production to enter that is necessary to supply the demand over 
the projected capacity. This is cheaper than having two large nitrogen 
plants operate at half capacity or having several medium and/or small 
nitrogen plants enter. 
No protection is required for any new production facilities for this 
alternative. 
Alternative 4 high level of demand 1985 
This alternative requires tifo new nitrogen and phosphate facilities 
to meet demand requirements. The variations of this alternative are the 
same as those of alternative 2. As in the other alternatives, the existing 
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facilities require protection. Also, the nitrogen facility at Paita 
needs protection when no exports are allowed. It enters in these two 
cases only because there is not sufficient capacity to supply the demand 
in the north from the other facilities. Due to technological advances 
in large scale plants, it is also cheaper to use the large facility at 
41 less than full capacity than to use the medium plant at full capacity. 
Guano costs 
Guano production-distribution costs have been calculated from Lima 
and Paita to the various consmiçtion regions in relation to expected 
consumption. These costs for alternatives 1, 2, and 3 are $3»717,264 
and for alternative 4 is $4,331,^71 To sinçlify the calculations, two 
basic distribution centers were considered for guano. The above costs 
for guano must be added to the costs for synthetic fertilizers. Guano 
distribution patterns can be found in Table 4.10 by reversing the signs. 
Programming results in terms of the objectives of this study 
The programming results show that: 
1. the minimum cost method using existing fertilizer production 
facilities is to sell the output as close to the production 
source as possible. This is due to: 
a. high cost transportation per unit of plant nutrient from 
the source to distant consumption centers and 
b. good port facilities throughout the entire Peruvian coast 
41 The cost curve of the larger plant is lower than the cost curve 
of the medium plant within the production range at which the larger 
plant enters. 
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line that allow imported, fertilizers to move cheaply to 
any consumption center. 
2. new fertilizer facilities should not be built unless they can 
produce and sell including sales commission on the following 
basis: 
a. Lima 
$166.00 per metric ton of nitrogen 
$164.00 per metric ton of phosphate 
b. Paita or Bayovar 
$135.00 per metric ton of nitrogen 
$141.00 per metric ton of phosphate 
$98.00 per metric ton of potash 
in order to conpete with current (i967) world prices given 
k2 the transportation rates used. 
3. the location of the new facilities depends upon the availability 
of sulfuric acid, natural gas, potash, and phosphate rock. If 
the smelter under consideration by the Banco Minero becomes a 
reality in or near Huacho, a small city just north of Lima, and 
if natural gas becomes available in Lima, then the best location 
for a urea and triple superphosphate facility would be in or near 
the Lima-Huacho area. This would require that these facilities 
produce at a cost of no more than 120^ of the cost of producing 
at the northern location. The Central location, at this cost, 
This is based on a GIF price of $77.00/MT of urea, $77.50/MT of 
triple superphosphate and $72.50/MT of potassium chloride. Any change 
in world prices will cause a corresponding change in FOB prices. 
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would be a better location because total transportation costs 
would be much less. The only known potash deposit is in the 
northern part of Peru. Therefore this activity should be 
located there. If the potash and phosphate deposits are to be 
developed at the source of raw material, then an additional 
phosphate plant in the Lima-Huacho area may not be feasible 
due to the additional investment required. In this case 
careful study will be required to determine if a nitrogen 
facility would be best located in a central location or near 
the source of phosphate and potash fertilizers. 
4. the capacity of the new plants would depend upon the type of 
fertilizer to be processed and its major market. 
a. The new nitrogen facility should be of the new low pressure 
type. This requires an anhydrous ammonia plant of about 
540 MT per day. This should be the minimum size for any 
coastal location. A smaller plant located at the source 
of natural gas in the Selva may be able to compete effec­
tively at higher production costs due to high transportation 
costs to cross the Andes Mountains. Such a plant would 
require sufficient demand to allow it to operate at or near 
capacity. 
b. Phosphate facilities for the internal market should have a 
capacity of l60 to 350 metric tons of P^O^ per day depending 
upon the rate at which demand grows. If these facilities 
are mainly for export, they will probably have sufficient 
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capacity to supply the internal demand as well as to 
export. In this case their capacity will probably be 
larger. 
c. Potash facilities will probably be constructed for an 
export market. As such, there will be sufficient capacity 
to supply the internal market. 
5. The policy on import duties depends upon desired goals. If the 
goal is to promote fertilizer use on food crops and increase 
food crop production, fertilizer irgaort tariffs should not exist. 
If the goal is to create industry at all costs, the fertilizer 
iinport tariffs should be high enough to discourage imports. 
The cost of such a protective policy is summarized in Tables 
7.21 and 7'2.2. These costs range from $3,000,000 per year to 
almost $16,000,000 per year depending upon the ability of the 
new fertilizer facilities to export excess production and 
whether or not the existing facilities are protected. 
6. In the framework of this model, guano production could best be 
used by limiting its use to the consumption areas closest to 
the supply points. 
The objective of increasing fertilizer productivity and use on food 
crops will be discussed in the chapter on recommendations. 
4-3 Under current techniques, the only profitable way to develop the 
Peruvian potash and phosphate deposits is on a scale that will require 
up to 90^ of the production to be exported. 
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Code for the solutions 
BALN = large nitrogen facility at Paita 
BAMN = medium nitrogen facility at Paita 
BLP = large phosphate facility at Bayovar 
BMP = medium phosphate facility at Bayovar 
LLN = large nitrogen facility at Lima 
LIAS = ammonium sulfate production at Lima* 
LIAN = ammonium nitrate production at Lima* 
LMP = medium phosphate facility at Lima 
LLP = large phosphate facility at Lima 
LIIP = simple superphosphate production at Lima* 
CCAN = ammonium nitrate production at Cachimayo* 
BK = potash production at Bayovar 
* 
Existing facilities. 
Table 7.1. Solution 1.1 Minimum cost location assuming exports possible, 1970 low demand and 
requiring cheapest source of domestic production 
Produc- 1,000 
tion MT of 
Facility nutrients 
for Peru 1 
Shipping pattern of nutrients to regions 
3 4 5 6 7 8 9 10 II 12 21. 
FOB 
plant 
MT of 
nutrient 
BALN 
LLN 
BLP 
LLP 
BK 
36.9 
37.1 
10.6 
10.9 
5-4 
17.4 12.9 3.6 
5.7 4.0 0.9 
1.6 1.1 0.2 
3.0 
1.3 19.0 
0.6 0.4 5.3 
0.2 0.2 0.5 
11.0 1.5 
3.2 
1.0 
0.5 
0 . 2  
3.5 0.8 
0.6 
0.3 
0.3 
0.1 
$126.39 
137.09 
137.55 
137.55 
90.16 
Total cost: $14,489,508 
Table 7.2. Solution 1.2 Minimum cost location assuming exports possible, only one large nitrogen 
and phosphate facility, 1970 low demand and requiring cheapest source of domestic 
production 
Produc­
tion 
Facility 
1,000 
MT of 
nutrients 
f or Peru 1 2 ? 4 
Shipping pattern of nutrients to 
5 6 7 8 9 10 
regions 
11 12 13 
FOB 
plant 
MT of 
nut rient 
BALN 74.0 17.4 12.9 3 .6 3.0 1.3 19.0 11.0 1.5 3.5 0.8 $128.39 
LLP 21.5 5.7 4.0 0 .9 0.6 1.4 5.3 3.2 0.5 0.6 0.3 137.55 
BK 5.4 same as Table 7.1 
Total cost: $14,720,538 
Table ?.3. Solution 1.3 Minimum cost location assuming exports not possible, 1970 low demand 
and requiring cheapest source of domestic production 
Produc­
tion 
Facility 
1,000 
MT of 
nutrients 
f.or Peru 1 
CM 
Shipping pattern of nutrients 
4 5 6 7 8 9 10 
to regions 
11 12 13 
FOB 
plant 
MT of 
nutrient 
BALN 71.7 17.4 12.9 3.6 3.0 1.3 19.0 11.0 3.5 $229.62 
LMP 21.5 same as Table 7.2 174.45 
CCAN 2.3 1.5 0.8 211.00 
BK 5.4 same as Table 7.2 
Total cost: $21,576,539 
Table 7.4. Solution 1.4 Minimum cost location assuming exports not possible, 1970 low demand and 
requiring existing facilities to produce at capacity-
Produc­
tion 
Facility 
1,000 
m of 
nutrients 
for Peru 1 2 
Shipping 
4 5 
pattern of 
6 7 
nutrients 
8 9 
to regions 
10 11 12 . 13 
FOB 
plant 
Mr of 
nutrient 
BAMN 47.8 17.4 12.9 3.6 3.0 1.3 1.0 8.6 $256.84 
LIAS 3.0 3.0 300.00 
LIAN 15.0 15.0 300.00 
CCAN 7.8 2.4 1.5 3 .1 0.8 211.00 
LIIP 6.0 5.3 0.7 261.20 
LMP 15.5 5.7 4.0 0.9 0.6 0,4 2.5 0 .6 0.3 195.00 
BK 5.4 same as Table 7.3 
Total cost: $24,173.589 
Table 7.5. Solution 1 . 3  Minimum cost location assuming exports possible, 19?Q low demand and 
requiring existing facilities to produce at capacity 
Produc- 1,000 FOB 
tion MT of Shipping pattern of nutrients to regions plant 
Facility nutrients MT of 
for Peru 12 3^5 6789 10 11 12 13 nutrient 
BALN 47.8 $128.09 
LIAS 3.0 300.00 
LIAN 15.0 same as Table 7.4, solution 1.4 300.00 
CCAN 7.8 211.00 
LIIP 6.0 261.20 
LLP 15.5 137.55 
BK 5.4 90.16 
Total cost: $18,508,754 
Table 7.6. Solution 2.1 Miniitiujn cost location assuming exports possible, 1970 medium demand, and 
requiring cheapest soui'ce of domestic production 
Produc-
tion 
Facility 
1,000 
MT of 
nutrients 
for Peru 1 2 
Shipping pattern 
3 4 5 6 
of nutrients to regions 
7 8 9 10 11 12 13 
FOB 
plant 
MT of 
nutrient 
BALN 125.3 28.4 21. 3 6.4 5.5 2.3 32.6 18.5 2.5 6.5 1.2 $128.39 
LL1= 61.3 14.3 10. 5 3.1 2.6 1.1 15.8 9.1 3.0 1.2 0.6 137.55 
BK 47.1 10.4 7. 9 2.5 2.1 0.9 12.4 7.0 0.9 2.6 0.4 90.16 
Total cost: $32,661,7^0 
Table 7.7. Solution 2.2 Minimum cost location assuming exports not possible, 1970 medium demand 
and requiring cheapest source of domestic production 
Produc- 1,000 FOB 
tion MT of Shipping pattern of nutrients to regions plant 
Facility nutrients MT of 
for Peru 1 2 3 4 5 6789 10 ' 11 12 13 nutrient 
BALN 125.3 $149.29 
LLP 61,3 same as Table 7 . 6  solution 2.1 146.63 
BK 47.1 90.16 
Total cost: $35,837,114 
Table 7.8. Solution 2.3 Minimum cost location assuming exports possible, 1970 medium demand 
and requiring existing facilities to produce at capacity 
Produc- 1,000 
t i on MT of 
Facility nutrients 
for Peru 1 
Shipping pattern of nutrients to regions 
3 4 5 6 7 8 9 10 11 12 13 
FOB 
plant 
Mr of 
nut rient 
BALN 99.5 28.4 21.3 6.5 5.5 2.3 14.6 18.5 $128.39 
CCAN 7.8 2.5 4.1 1.2 211.00 
LIAS 3.0 3.0 300.00 
LIAN 15.0 5.0 300.00 
LIIP 6.0 6.0 261.20 
LLP 55.3 14.3 10.5 3.1 2.6 1.1 9.8 9.1 3.0 1.2 0.6 137.55 
BK 47.1 same as Table 7.7 
Total cost : $36.658,57^ 
Table 7.9. Solution 2.4 Minimum, cost location assuming exports not possible, 1970 medium demand 
and requiring existing facilities to produce at capacity 
Pi'oduc- 1,000 FOB 
tion MT of Shipping pattern of nutrients to regions plant 
Facility nutrients MT of 
for Peru 1 2 3 4 5 6 7 8 9 10 11 12 13 nutrient 
BALN 99.5 $173.40 
CCAN 7.8 211.00 
LIAS 3.0 300,00 
LIAN 15.0 same as Table 7.8 solution 2 300.00 
LHP 6.0 261.20 
LLP 55.3 148.69 
BK 46.7 90.16 
Total cost; $41,758,092 
Table 7.10. Solution 3.1 Minimum cost location assuming exports possible, 1970 high demand and 
requiring cheapest source of domestic production 
Produc­
tion 
Facility 
1,000 
MT of 
nutrients 
for Peru 1 2 
Shipping pattern 
3 4 5  
1 of 
6 
nutrients 
7 8 
to regions 
9 10 11 12 13 
FOB 
plant 
MT of 
nutrient 
BALN 84.7 38.6 29. 1 9.2 7.8 $128.39 
LLN 88.2 3.2 45.2 25.5 3.4 9.2 1.7 137.09 
BLP 39.6 20.0 15. 0 4.6 137.55 
LLP 48.5 3.8 1.6 23.0 13.0 1.7 4.5 0.9 137.55 
BK 151.0 32.6 24. 8 8.4 7.1 2.9 40.0 22.2 2.9 8.7 1.4 90.16 
Total cost; $^2,6^7,648 
Table 7.11. Solution 3.2 Minimum cost location assuming exports not possible, 1970 high demand 
and requiring cheapest source of national production 
Produc- 1,000 FOB 
tion MT of Shipping pattern of nutrients to regions plant 
Facility nutrients MT of 
for Peru 1 2 2 4 5 6 7 8 9 10 11 12 13 nutrient 
BALN 153.2 38.6 29.1 9.2 7.8 3.2 33.3 25.5 6.5 $128.39 
LIAN 11.9 11.9 300.00 
CCAN 7.8 3.4 2.7 1.7 211.00 
LLP 88.1 20.0 15.0 4.6 3.8 1.6 23.0 13.0 1.7 4.5 0.9 139.95 
BK 151.0 same as Table 7.11 
Total cost: $57.246,097 
Table 7.12. Solution 3«3 Minimum cost location assuming exports possible, 1970 high demand and 
requiring existing facilities to produce at capacity 
Produc- 1,000 • FOB 
tion MT of Shipping pattern of nutrients to regions plant 
Facility nutrients MT of 
for Peru 1 2 3 4 5 6 7 8 9 10 11 12 13 nutrient 
MLN 147.1 38.6 29.1 9.2 7.8 3.2 27.2 25.5 6.5 $128.3? 
CCAN 7.8 3.4 2.7 1.7 211.00 
LIAS 3.0 3.0 300.00 
LIAN 15.0 15.0 300.00 
LIIP 6.0 6.0 261.20 
LLP 82.1 20.0 15.0 4,6 3.8 1.6 17.0 13.0 1.7 4.5 0.9 137.55 
BK 151.0 same as Table 7.11 
Total cost: $58,270,798 
Table 7.13. Solution 3.4 Minimum cost location assuming exports not possible, 1970 high demand 
and requiring existing facilities to produce at capacity 
Produc- 1,000 FOB 
tion MT of Shipping pattern of nutrients to regions plant 
Facility nutrients of 
for Peru 1 2 3 4 5 6 7 8 9 10 11 12 13 nutrient 
BALN 147.1 $132.79 
CCAN 7.8 211.00 
LI/^S 3.0 300.00 
LIM 15.0 same as Table 7.12, solution 3.3 300.00 
LIIP 6.0 261.20 
LLP 82.1 139.95 
BK 151.0 90.16 
Total cost: $60,206,869 
Table 7.14. Solution 4.1 Minimum cost location assuming exports possible, I985 high demand and 
requiring cheapest source of domestic production 
Produc- 1,000 FOB 
tion MT of Shipping pattern of nutrients to regions plant 
Facility nutrients MT of 
. for Peru 12 3 4 5 6 7 8 9 10 11 12 13 nutrient 
BALN 93.0 14.8 26.7 25.0 13.3 13.2 $128.39 
LLN 130.4 11.6 51.8 1.7 25.9 11.7 0.5 19.1 8.1 137.09 
BLP 52.3 8.3 15.0 14.0 7.1 7.7 120.63 
LLP 74.0 6.3 30.0 0.9 14.8 6.3 0.3 11.1 4.3 132.87 
BK 268.0 18.0 31.9 29.7 15.0 16.3 13.463.8 1.931.4 13.4 0.5 23.6 9.1 90.16 
Total cost: $79,903.287 
Table 7.15^ Solution 4.2 Minimum cost location assuming exports not possible, I985 high demand 
and requiring cheapest source of domestic production 
Produc- 1,000 FOB 
tion MT of Shipping pattern of nutrients to regions plant 
Facility nutrients MT of 
for Peru 1 2 3^5 6 2 8 9 10 11 12 13 nutrient 
BALN 79.8 14.8 26.7 2j.O 13.3 $217-55 
LLN 143.6 13.2 11.6 51.8 1.7 25.9 11.7 0.5 19.1 8.1 141.49 
BMP 44.6 8.5 15.0 14.0 7.1 134.65 
LLP 81.7 7.7 6.3 30.0 0.9 14.8 6.3 0.3 11.1 4.3 135.27 
BK 268.0 same as Table 7.14 90.16 
Total cost: $88,475>663 
Table 7.16. Solution 4,3 Minimum cost location assuming exports possible, 1985 high demand and 
requiring existing facilities to produce at capacity 
Produc­
tion 
Facility 
1,000 
MT of 
nutrients 
for Peru 1 2 
Shipping pattern of nutrients to regions 
3 4 5  6 7 8 9  1 0  11 12 13 
FOB 
plant 
MT of 
nutrient 
BALN . 93.0 14.8 26.7 25.0 13.3 13.2 $128.39 
LLN 99.4 11.6 36,8 1.7 25.9 19.1 7.3 137.09 
CCAN 13.0 11.7 0.5 0.8 211.00 
LIAS 3.0 3.0 300.00 
LIAN 15.0 15.0 300.00 
LIIP 6.0 6.0 261.20 
BLP 52.3 8.5 15.0 14.0 7.1 7.7 120.68 
LLP 68.0 6.3 24.0 0.9 14.8 6.3 0.3 11.1 4.3 132.87 
BK 268.0 same as Table 7.15 90.16 
Total cost: $83.979.548 
Table 7.17. Solution 4.4 Minimum cost location assuming exports not possible, I985 high demand 
and requiring existing facilities to produce at capacity 
Produc -
tion 
Facility 
1,000 
MT of 
nutrients 
for Peru 1 2 3 4 ? 6 7 8 9 10 11 12 13 
FOB 
plant 
MT of 
nut rie n't 
BALN 79.8 14.8 26.7 25.0 13.3 $217.55 
LLN 112.6 13.2 11.6 33.8 1.7 25. 9 19.1 7.3 164.95 
CCAN 13.0 11.7 0.5 0.8 211.00 
LIAS 3.0 3.0 300.00 
LIAN 15.0 15.0 300.00 
LIIP 6.0 6.0 261.20 
BLP 44.6 8.5 15.0 14.0 7.1 134.65 
LLP 75.7. 7.7 6.3 24.0 0.9 14. 8 6.3 0.3 11.1 4.3 136.27 
BK 268.0 same as Table 7-,16 
Total cost: $95.767,332 
Table 7.18. Import pi-otection required for given solutions 
Production Percent protection required by region 
Facility^ Solutions 1 2 3 4 5 6 7 8 9 10 11 12 13 
BALN 1.3 13 13 19 21 22 24 28 37 
IMP 1.3 6 3 1 
CCAN 1.3 11 13 
BAMN 1.4 32 33 38 240 39 43 47 
LIAS a 60 
LlÀN b 60 
LIIP 1.4, 1.5 39 50 
LMP 1.4 17 14 12 9 3 3 7 9 15 
CCAN 1.4, 1.5 38 11 40 13 
LIIP 
c 
39 
CCAN 
d 11 40 13 
BALN 4.2, 4.4 5 5 11 3 
^Solutions 1 .4, 1 .5, 2, 3, 3. 3. 3.4. 4,3. and 4 ,4. 
^Solutions 1 .4, 1 .5. 2.3. 3, 2. 3,3. 3,4, 4.3, and 4. 4. 
"^Solutions 2.31 3 
.3, 3. 4, 4.3, and 4.4. 
Solutions 2.3, 3 .2, 3. 3, 3. 4, 4.3, and 4.4 
1 ^Note: This table considers only "competitive" regions for each production facility, 
example, LIAS would require more protection for other regions. 
For 
Table 7.19. Pricing patterns to maximize total income without protection given the following GIF' 
prices: urea $77.00; triple superphosphate $77.50; and potassium chloride, $72.50 per 
metric ton. 
Fertilizer 
1 
Maximum 
2 
price at 
3 
distribution 
4 
center 
5 
$/MT 
6 7 
Urea 85.55 85.19 85.19 97.50 85.55 94.33 86.49 
Triple super­
phosphate (46^) 86.04 85.68 85.68 98.26 86.04 95.02 87.00 
Muriate of 
potash (6l#) 81.05 80.69 80.69 93.00 81.05 89.83 81.99 
Fertilizer. 
8 
Maximum 
9 
price at 
10 
distribution 
11 
c ent er 
12 
$/MT 
13 
Urea 100.67 87.43 98.62 105.71 85.93 91.90 
Triple super­
phosphate (h6%) 101.50 87.97 99.41 106.65 86.43 92.53 
Muriat e of 
potash (61^) 96.17 82.93 94.12 101.21 81.43 87.40 
Table ?.20. Additional cost in dollars to Peruvian farmers associated with selection of non-
optimal solutions 
increase in $ cost per year over optimal solution by 
selection of alternative that corresponds to the solution 
Cost number in column A 
A° A® 
1970 Low® 1. ,2 14,720,538 1.3 6,856,051 1.5 3,788,216 1.4 9.453,051 
1970 Medium 2. ,1 32,661,740 2.2 3,175,374 2.3 3,996,834 2.4 9,096,352 
1970 High 3. ,1 52,657,648 3 . 2  4,588,449 3.3 5,613,150 3.4 7,5^,225 
1983 High U .  ,1 79,903,287 4.2 8,572,376 4.3 4,076,265 4.4 15,864,045 
Level Optimal 
of solution 
demand 
^Solution 1.2 is used as a base instead of 1.1 for three reasons: 1) it is more realistic 
in terms of raising the required capital with respect to level of projected demand; 2) the 
additional cost over solution 1.1 is very small (1.6^); and 3) it will make the comparisons 
easier. 
^The optimal solution allows existing production facilities to enter only if competitive 
and assumes an export market for all excess production. 
^This set of alternatives allows existing production facilities to enter if they are 
competitive with projected facilities and if no exports are allowed and protective tariffs 
are sufficient to protect the high cost production. 
^This set of alternatives allows exports but forces in all existing production facilities 
at their estimated production costs. 
®This set of alternatives forces in the existing production facilities and assumes that 
exports are not possible and import tariffs are sufficient to protect the high cost production. 
Table 7.21. Percent increase in costs in dollars to Peruvian farmers over optimal solution by-
type of non-optimal solution* 
Increase in on-farm $ costs over optimal solution by: 
Prohibiting Forcing existing Forcing in 
exports facilities into existing facilities 
production with without exports 
surplus production of surplus 
exported production 
1970 low new facilities with exports 46.6^ 25.7# 64.2# 
1970 medium new facilities with exports 9.7# 12.2# 27.8# 
1970 high new facilities with exports 8.7# 10.6# 14.3# 
1985 high nei'T facilities with exports 10.7# 5.1# 19.9# 
Note: As the projected production capacity and projected demand approach each other, the 
less costly is the wrong decision. 
Level of 
demand Optimal solution 
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CHAPTER VIII. RECOMMENDATIONS 
Objectives of the Peruvian Agricultural Sector 
Agricultural development efforts must be oriented towards improving 
agriculture's contribution to the national economic and social develop­
ment objectives (13b). It appears that the following are among the 
important economic objectives which are pursued by Peruvian policy makers: 
1. increasing income growth, 
2. maintaining a satisfactory level of price stability, 
3. improving the balance of payments position, 
4. maintaining a satisfactory level of erplqyment, and 
5. improving functional and regional income distribution. 
Probably the most important of these is increasing income growth. It has 
been suggested that the overall macro-economic objectives should be the 
achievement of 5^ annual growth rate in gross domestic income while; 
1) holding imports to capacity to import, 2) limiting the rate of infla­
tion to 10^ per year or less, 3) maintaining or, if possible, improving 
historical relationships between employment generation and income expan­
sion, and 4) avoiding a more unequal income distribution and greater 
regional imbalance (13^)» The former publication stresses that there 
is a strong relationship between increased agricultural production and 
the ability of this sector to contribute to the goals of economic and 
social development. The specific agricultural goal is to achieve an 
overall 3-2^ annual rate of expansion. The following recommendations 
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are given as a means of achieving the growth rate of food production 
and of assisting in achieving the other objectives listed above. 
Basically, these-recommendations are oriented toward reducing fertilizer 
costs and improving the fertilizer marketing system to provide incentive 
for increased fertilizer use. 
Recommendations to reduce on-farm fertilizer costs 
In 1967. the weighted average cost of nitrogen was about $287^^ 
per metric ton. However, imported nitrogen in the form of urea was about 
$200^ per metric ton, while the price of ammonium sulfate was about $250^^ 
per metric ton. The cost of domestically produced nitrogen is $300 per 
metric ton FOB plant. Near the end of I967 it was possible to import 
nitrogen in the form of urea for about $185 per metric ton. 
Urea prices will probably continue to decrease during the next 2 
to 3 years due to rapid, large expansion of nitrogen capacity. The 
Tennessee Valley Authority and Dr. Raymond Ewell, Vice President in 
Charge of Research at the State University of New York at Buffalo, esti­
mate that there will be a surplus nitrogen production capacity of at 
least 1,000,000 metric tons by 1970 (9b), (23). The effect of this low 
cost, surplus capacity is currently being reflected in rapidly decreasing 
urea prices even though the surplus capacity has not reached the 1,000,000 
45 This weighted average included all relative import taxes. 
46 
This price does not include any taxes. 
^^Ibid, footnote 46. 
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MT level. Urea prices GIF Peru have dropped $30.00 from November I966 
to April 19680 The extent to which they will continue to drop is not 
known. 
Imported phosphate fertilizers are also much cheaper than nationally 
produced phosphate fertilizers. Imported phosphate put tax free in the 
buyer's warehouse in any port runs about $180 per metric ton compared 
with about $267 per metric ton FOB plant for the domestic product. 
This high cost of domestically produced fertilizer, which is a dis­
incentive to fertilizer use for food production, is a result of inefficient 
production processes and a policy of protecting domestic fertilizer pro­
ducers . 
In view of this it is recommended that: 
1) the existing fertilizer facilities in Peru be scrapped, and low 
cost fertilizer from the world market be used to increase food 
production and to develop fertilizer demand at a rapid pace; 
2) Peru not build new fertilizer facilities until the national 
demand reaches a level at which it can support modern, efficient, 
low cost production; 
3) Peru develop the phosphate and potash deposits for export and 
supply the national market at competitive costs; and 
4) Peru begin an intensive fertilizer promotion campaign as out­
lined in a later section. 
These recommendations are in harmony with the above stated objectives 
even though there would be a short run decrease in employment and 
increase in fertilizer imports. The effects of such a program are given 
below. 
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The decrease of on-farm fertilizer cos%s would provide incentive 
inducing farmers to use more fertilizer. Average nitrogen costs 
would be reduced about $100 per metric ton. Phosphate costs 
would be reduced about $85.00 per metric ton. Savings on farm 
fertilizer costs would be between $3,500,000 and $5,000,000 per 
year. 
The cost of fertilizer to develop the domestic fertilizer mar­
ket would be about one third less. 
The restrictions on fertilizer inserts would be repealed, there­
by allowing importers to import freely and maintain adequate 
stocks to meet seasonal demands. 
There would be a greater incentive for farmers to use fertilizers 
because it would no longer require three months advance planning 
in order to be assured of sufficient fertilizer supply. This is 
the lag time between placing import orders, taking care of the 
necessary paper work, and receiving the fertilizer. 
There would be less transfer of income from small farmers to 
investors in the form of high fertilizer costs. 
The time required to build a national fertilizer market to 
support an "efficient" fertilizer industry would be much less 
than under the current system. 
As long as the existing high cost facilities exist, they will 
need some kind of protection even with the entrance of a modern, 
"efficient" fertilizer industry. 
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These recommendations, if implemented, would have some temporary 
adverse effects on the economy. It is difficult to measure the quantita­
tive impact of these effects; nevertheless, rough estimates of these 
impacts are presented below. 
1. There would be a temporary loss of about $1,000,000 per year in 
wages and salaries which is about 0.02^ of I963 GNP. This loss 
would be partially or completely offset with the establishment 
of an "efficient" fertilizer industry. 
2. There would be a loss of about $3,000,000 per year of foreign 
exchange if the same quantity of fertilizer nutrients were 
imported that are currently being produced domestically. This 
loss would be partially offset by reducing imports of raw 
materials utilized for national fertilizer production of about 
$1,000,000 per year (1961-1964 average). Thus, the net foreign 
exchange effect is about -$2,000,000 per year. 
3. There would be a loss of $3,000,000 to $4,000,000 in undepre­
ciated investment. This is about equal to the annual additional 
cost of domestic fertilizers above world market prices. After 
the first year the net savings to the Peruvian agriculture would 
be $3,500,000 to $5,000,000 per year. The net effect, savings 
to Peruvian agriculture less losses in foreign exchange, would 
be about $1,500,000 to $3,000,000 per year. 
It is not recommended that Peru produce nitrogen for export because 
export possibilities do not look profitable in the next 3 to 5 years. If 
Peru were to export nitrogen, it would probably be to her Latin American 
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neighbors. However, Venezuela has a much cheaper and larger gas supply 
and could easily dominate the fertilizer market of eastern Latin America. 
Colombia and Ecuador have their own production facilities, and Chile and 
Argentina are planning to build large nitrogen plants for the export 
market. In addition to these plants there are large nitrogen facilities 
in Trinidad and Aruba that also need an export market. 
Recommendations for the Improvement of the Existing 
Fertilizer Production and Distribution System 
The recommendations contained in this section assume that it is 
politically unfeasible to implement the above recommendations, parti­
cularly with respect to scrapping the existing fertilizer production 
facilities. 
Recommendations for the improvement of the existing private sector 
The private sector could be improved by employing better production 
methods, promoting the use of fertilizer, and reorganizing its distribu­
tion system. In order to improve its production methods the following 
recommendations are suggested: 
1. When domestic nitrogen demand reaches a minimum of 100,000 
metric tons per year, a new low cost ammonia production 
facility should be built. Ammonia from this facility should 
be used for direct application in suitable areas and as a basic 
input for urea production and/or production of high analysis 
compound fertilizer such as diammonium phosphate. 
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2. When commercial phosphate demand reaches a level of 30,000 to 
50,000 metric tons per year, new phosphate facilities should 
be built to produce triple superphosphate or other high analysis 
phosphate fertilizers. 
3. Consideration should be given to production of high analysis 
compound fertilizers and/or blends in order to supply farmers 
with all the required nutrients at lower costs. This could be 
done now Iqy importing relatively low cost, high grade fertilizers 
and blending in Peru. 
4. Promotion of fertilizer use is needed, especially in the Sierra. 
In order to build a nitrogen market sufficient to support a 
plant of the necessary size to utilize the new low costs produc­
tion techniques it is recommended that: 
a) the producers and/or distributors begin to promote more 
appropriate application levels of phosphate and potash; 
b) the Sierra be developed for its large potential market 
through well designed promotion schemes; and 
c) the private sector begin promotion of anhydrous ammonia, 
diammonium phosphate, and other high analysis fertilizer 
which can be produced in Peru as the market develops. 
5. The present system should be changed to a more aggressive dealer 
type distributorship system which takes possession of the 
fertilizers and pushes their use to more appropriate levels, 
especially on food crops. Suggested procedures for implementing 
this recommendation are presented in a following section. 
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Recoamendations for improvement of the public sector 
The factor that limits sales most in the public sector is the lack 
of aid and aids to the salesmen and sales offices. It is recommended that 
CONAFER: start a training school for its sales personnel to teach them 
salesmanship, how to take soil sançiles and make proper fertilizer recommend­
ations, etc.; encourage their salesmen to contact the farmers to give them 
technical help as well as selling them fertilizer; and prepare teaching 
aids and sales propaganda and distribute them to each sales outlet. 
CONAFER is charged with promoting the use of fertilizers, giving 
technical assistance to fanners, supplying fertilizer appropriate to the 
farmers' needs, and taking soil samples. Currently, however, CONAFER is 
doing very little to promote fertilizer use or give technical assistance. 
It is tiding to supply the farmers with proper fertilizers but is being 
hindered by the very powerful industrial sector which is protecting the 
small inefficient producers through fertilizer inçjort restrictions. Soil 
samples are not being taken because of the cost involved in operating 
their own laboratory. To improve these situations it is recommended that: 
1) CONAFER begin a small but well planned fertilizer promotion 
program using soil sairçiles to recommend proper fertilizer 
applications ; 
2) CONAFER begin to train their sales personnel so that they can 
teach farmers about soil analyses, proper fertilizer use, improved 
seeds, and 
Such a program is now in the planning process. 
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3) the international soil testing laboratory at S.I.P.A. Experi­
ment Station be utilized in coordination with the public 
sector's soil analysis and technical assistance programs. 
Recommended changes in government control of the fertilizer industry 
There are three factors that hinder the development of Peru's 
fertilizer market. 
1. There is a 5^ turnover tax on every invoice (except that of the 
manufacturer). This inçedes the development of a low cost 
distribution system. 
2. The tariff protection and import controls hinder the flow and 
use of fertilizers. 
3. The lack of sufficient credit and control of credit also dis­
courages a rapid growth rate of fertilizer use. 
The following recommendations are suggested to correct these 
problems. 
1. It is recommended that the 5/^ turnover tax be abolished on all 
fertilizer sales. This would make it possible for large dealers 
to take possession of fertilizers and market them directly to 
farmers and/or smaller regional or local outlets without 
increasing the cost 5/^ - 15^. 
2. It is recommended that import tariffs and controls be abolished 
in order to accelerate fertilizer use on food crops. 
3. It is recommended that the credit system be improved in the 
following way: 
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a. more credit be made available for small and medium sized 
farmers, 
b. a crop and life insurance program be developed for agricul­
tural production loans, and 
c. double and triple credit be eliminated to the larger farmers 
so that more loan money will be available to the smaller 
farmers. 
These improvements are needed due to the lack of new credit and 
accumulated debts. Many fanners in the northern Coast of Peru were not 
able to buy fertilizer in 196?. The present situation is so bad that 
three of the major distributors are selling on credit only to preferred 
customers. The credit system is not well organized and often extends 
triple credit to larger farmers and turns down credit applications of 
smaller farmers. The Supervised Credit plan is only able to service about 
1/4 of the smaller farmers. Lack of credit in the Sierra and high risk 
losses appear to be major causes for the low interest of the fertilizer 
distributors in developing the Sierra. 
Specific Recommendations for Developing a 
More "Efficient" Distribution System 
Desirable dealer characteristics 
According to research conducted in the United States a "good" dealer 
needs to: 
1. be a reliable source of information on fertilizer use and 
application, 
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2. know how to take a soil sample and interpret results, 
3. have an adequate stock of proper fertilizer grades, 
4. hand other related inputs, 
5» promote fertilizer use, and 
6. have a positive attitude toward fertilizer as a product line (5b). 
Of the above six characteristics, the most important is that the 
dealer be a reliable source of information on fertilizer use and applica­
tion. Currently, Peru is using an average application ratio of about 
12:2:1 (6 year average for I96O-I965). This high nitrogen to phosphate 
and potash ratio cannot continue indefinitely without depleting the 
natural phosphate and potash reserves in the"soil. It is true that many 
fields have relatively high natural phosphate and/or potash content. The 
fields that are low in one or both of these elements should be receiving 
relatively high levels of application. If dealers are not aware of this 
problem, they will not be selling as much fertilizer as they should, but 
also will be doing the farmer a disservice by not selling him the required 
inputs for "optimal" yields. 
Most of the fertilizer sold in Peru goes to the larger farmers. 
This implies that many of these farmers are not aware of the necessity of 
applying anything but nitrogen. In turn, this implies that the dealer 
should be a reliable source of information to the larger farmer as well 
as the smaller farmers. 
The necessity of being a reliable source of information to the 
smaller farmer can be illustrated by two examples — one from the northern 
part of Peru and one from the Sierra Central. . In the former ease, a 
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farmer with a medium size farm purchased 5 tons of urea which he applied 
to 4 hectares of potatoes at seeding. The nitrogen application rate was 
about 560 kilos per hectare — a quantity sufficient to burn the potatoes 
so badly that they did not even sprout. In the Sierra Central there are 
small farmers who are applying up to 48 kilos of nitrogen, I6 kilos of 
phosphate, and 3 kilos of potash per 450 square meters, a rate of 
960:320:60 kilos of nitrogen, phosphate, and potash per hectare. These 
quantities were applied in several applications and therefore did not 
bum the plants. These fields tested high in organic matter and phosphate 
but very low in potash. Because these farmers were not receiving 
sufficient knowledge on proper fertilizer use and application, they were 
spending 4 to 5 times more than necessary on fertilizers and were not 
getting good production rates because of too much nitrogen in one case 
and the lack of one very essential element in the other. 
One other problem on application of fertilizers that has been noted 
in Peru is that most of the smaller farmers do not apply fertilizers at 
seeding. Instead, they apply them as a sidedressing after the crop is 
up. Phosphate and potash are essential to strong root growth and should 
be applied at seeding when about l/2 of the nitrogen is required, according 
to the recommendations of Dr. Donovan Waugh of the International Soil 
Testing Laboratory at the S.I.P.A, Experiment Station, La Molina. A 
good dealer could not only increase his fertilizer sales by knowing how 
to use and apply fertilizers and giving farmers the necessary information, 
but he could also help the farmer increase his yields and net returns due 
to proper fertilizer use and application. 
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A second very important function of the dealer is knowing how to 
take soil samples and interpreting the results. This is very closely 
related to the first function. If the dealer does not know how to take 
a soil sançle, he cannot teach the farmer how to take a representative 
saiiçile of his field, nor can he do it himself. Without a soil sample and 
its analysis, the dealer cannot tell the farmer what to apply and there­
fore cannot be a reliable source of information. 
Ihe fifth characteristic is closely related to the second because 
the dealer cannot carry on a promotion program without soil samples and 
corresponding analyses for demonstration plots. Promotion campaigns can 
take soil sarpling and fertilizer knowledge to the farmer but won't 
necessarily make him a user. Demonstration plots, on the other hand, 
can show the farmer how soil analysis and proper fertilizer application 
can increase yields and return money invested in fertilizer costs. The 
farmer can then make an economical appraisal of cost versus return. If 
the return is sufficient he will be convinced that fertilizer is a good 
investment. 
The third and fourth characteristics mentioned above are closely 
related. It is necessary that the dealer not only have a sufficient 
stock of proper fertilizer grades but also have an adequate stock of 
related inputs such as farm machinery and equipment, improved seeds, 
pesticides, etc. Dr. Raymond Ewell calculates that in developing 
countries, fertilizer accounts for 45^ of the yield increase while 
improved seeds, improved irrigation facilities, pesticides, drainage, and 
improved implements each account for about an 11^ increase in yield. The 
188 
dealer cannot stock drainage nor irrigation works, but he can stock the 
other three inputs. On the basis of Dr. Swell's calculations, if the 
dealer has pesticides, improved seeds and inçDroved implements in addition 
to an adequate stock of fertilizer grades, he will be able to help the 
farmer increase his yields to an average of 78^ instead of 
Finally, the dealer must have a positive attitude toward fertilizer 
as a product line. He should be enthusiastic about its use and should 
try to educate the farmer to the value of proper fertilizer use. If he 
is not enthusiastic on the benefits of fertilizer use, he may as well 
not handle it because, out of neglect, he will not give the farmer the 
necessary technical help nor information for proper use. 
Recommended dealer services 
It is recommended that dealers in Peru give, as a minimum, the 
following services: 
1. soil sampling and interpretation of results, 
2. recommendations on application levels based on soil saitçiles, 
3. delivery and application services, and 
4. fertilizer clinics (5b). 
ïhe first two services are related and will be discussed together. 
As mentioned earlier, there are known cases in Peru where farmers put on 
too much fertilizer, but there are also cases where farmers use too little. 
If the dealer has his own soil sampling or uses the services offered by 
the International Soil Testing Laboratory, he will be able to tell the 
farmers exactly what fertilizer is needed for each field and crop. This 
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means that the dealer can recommend with confidence fertilizer applica­
tion levels that will guarantee the farmer a "good" yield. He can also 
help the farmer choose the combination of fertilizer that will meet the 
crop and field requirements at a minimum cost without sacrificing yield. 
These two services are also sales aids for the dealer. 
A delivery and application service in Peru could substantially 
increase fertilizer use. A large part of fertilizer application in Peru 
is done by hand, which tends toward uneven application and results in 
lower yields. The current distribution system offers very little or nor 
delivery and/or application service. Delivery of fertilizer from the 
warehouse to the farm generally falls on the farmer, which means that 
the farmer must have his own transportation or rent it. Most small 
farmers do not have access to transportation and therefore use what they 
can get easily, not always the proper combination of elements nor the 
required quantity for a "good" yield. 
A regular fertilizer delivery service to the farmers could be set 
up, but the application service would have to be limited to fields that 
are of sufficient size to allow efficient use of application equipment. 
Holding fertilizer clinics is a service that not only helps dis­
seminate technical information to the farmer but also, as soil sampling 
and interpretation of the results, is a sales tool. Fertilizer clinics 
can be held in conjunction with demonstration plots to teach farmers the 
value of soil testing in determining the nutrient content of the soil and 
in making fertilizer recommendations that will assure the farmer of a 
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"good" harvest. Not only should the dealer try to teach farmers about 
proper fertilizer application in fertilizer clinics, he should also try 
to keep the farmer up to date on research related to agricultural output, 
proper use of pesticides, new planting and harvesting techniques, new and 
improved varieties, etc. In this respect, the fertilizer clinics can 
serve to help the farmer increase production and profits. 
Potential of the Existing Dealership Arrangements in Developing the 
Desired Dealer Characteristics 
Producer-private dealership 
This is the main type of organization now existing in Peru. The 
two private fertilizer producers market their production through distri­
butors. However, these distributors act more like brokers than dealers. 
To change this to an aggressive producer-dealer distribution system would 
require that the producers train the personnel in the existing and new 
outlets to function in accordance with desired behavior patterns given 
above. The producer should have freedom to drop any dealer that does not 
conform to minimum standards. The dealer should also be protected from 
monopolistic powers of the producers. 
Produc er-c ooperative dealerships 
At present there is at least one cooperative that is marketing 
domestically produced as well as imported fertilizers. There is no reason 
why this type of arrangement could not be used by other cooperatives in 
Peru, This type of arrangement could be useful and effective because the 
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cooperative can extend credit to its members with less redtape than other 
types of lending agencies. It would be to the producer's advantage to 
select his cooperative dealerships with care and give them training in 
fertilizer merchandising so that the cooperative could meet the desired 
behavior patterns. The agreements between the cooperative and producer 
should be mutually protective. The cooperative should be protected from 
the monopolistic power of the producers, and the producers should be 
allowed the right to drop any cooperative that does not conform to 
minimum standards. 
Produc er-govemment dealerships 
This type of dealership now exists in Peru due to current (I967-
1968) import- controls which require that at least I/3 of all nitrogen be 
49 purchased from domestic producers. 
This type of arrangement is more difficult to manage because of the 
complex nature of the government and civil service rights. It would be 
an almost impossible task to get all of the Government's fertilizer dis­
tribution outlets to conform to desired;standards without almost com­
pletely restructuring CONA.FER. COMFER has some 26 to 30 outlets through­
out Peru, some of these managed by men who have worked with CONAFER and 
the Ex-Compania Administradora del Guano for up to 30 years. These men 
are the managers of offices, and all are not susceptible to change. There 
are other younger men (and some older) that are progressive and suscep­
tible to change. These offices could be made into first rate fertilizer 
^^If the domestic producers cannot fill any particular request, the 
buyer may get special permission to import more than 2/3 of his required 
nitrogen. 
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distribution outlets (without other related inputs because CONAFER is 
only authorized to sell fertilizers) with proper training for the managers 
and office force. The other offices would either have to be radically 
changed or slowly changed as the older workers retired. 
Appraisal of the above systems 
The easiest of the above systems to organize and manage would be the 
producer-private and/or producer-co-op. The producer would be free to 
choose the best outlets in each area and would not be hampered by having 
to accept non-progressive fertilizer outlets. The price to the farmer 
would probably be higher than through the producer-government outlet 
because CONAFER is limited by law to a 5/^ margin. This could create 
problems in areas with private and co-op outlets, especially if the 
CONAFER outlets were aggressive and well managed. 
The producer-government outlet system would be easier to establish 
in the areas of distribution and storage because CONAFER has a ready 
made distribution and storage system along the Coast and in the Sierra. 
CONAFER also has about I/3 of the nitrogen and almost all of the phosphate 
and potash market, mainly in the form of guano. Its chemical fertilizer 
market could easily be expanded through services to the farmers. Since 
the farmers know where the CONAFER offices are in their area and are 
accustomed to doing business with CONAFER, a producer-government dealer­
ship could be very advantageous. 
Probably all three types of dealership should be used in Peru 
because it would be one way to assure competition in the marketing of a 
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very essential ag-input. Such a system wo-uld also make fertilizer more 
readily available to the farmer. If the lower price of CONAFER should 
provide to be too much of a handicap, it would be possible to change 
CONAFER's pricing pattern to a more equitable one and use the extra net 
income for fertilizer promotion and experimentation. 
Suggested Fertilizer Promotion Campaign 
Importance of fertilizer promotion 
To foster increased food production, the Peruvian Government has 
spent millions of dollars on roads and irrigation projects to open new 
agricultural land. At present there are around 2,000,000 hectares under 
cultivation in Peru. About of this is in the Sierra, and the rest 
is mainly on the Coast. The Coastal land receives about 90^ of the 
commercial fertilizers that are used in Peru: the other 10^ of the 
fertilizer is used on about 90^ of the land. Average application rates 
for the Sierra are about 6 to 10 kilos of plant nutrients per cultivated 
hectare versus over 90 kilos of plant nutrients per cultivated hectare 
on the Coast. Just as the people are suffering from malnutrition in the 
Sierra, so is the land. Table 8.1 and maps 2.2, 4.3 and 4.5 illustrate 
the magnitude of this problem. This situation could easily improve 
through a well planned and executed fertilizer promotion campaign. 
In 1964-65 CONAFER put out some 2,000 field trials using the rather 
low application rates of 50=30:30 and 50:30:0 kilograms of nitrogen, 
phosphate and potash par hectare for potatoes, wheat, corn, barley, and 
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Table 8.1. Estimated amount and value of fertilizer used by type of 
crop and area, I963. Peru* 
Area of $ of $ of Estimated 
Crop major fertilizer total area expenditure 
importance used cultivated in fertilizer 
in 1966^ 
$1,000.000 
Cotton Coast 39.6 14.3 6.3 
Sugar cane Coast 19.8 4.7 3.1 
Corn Sierra 11.5 15.2 1.8 
Potatoes Sierra 10.5 12.9 1.7 
Rice Coast 7.8 • 4.1 1.2 
Fruits Coast 5.1 3.1 0.8 
Vegetables Sierra 2.2 4.0 0.3 
Coffee Sel va 1.2 5.7 0 . 2  
Other3 Sierra 2.3 36.0 0.4 
*Source (2), (8), (9a). 
^Includes only cost FOB or GIF. 
2 Almost all of fertilizer used on these crops is on the Coast even 
though there is more area cultivated in the Sierra. 
3 Includes beans and other small grains. 
quinua. The former formula was used on potatoes, the latter on the other 
crops. These low rates increased yields on the average of about 80^ even 
without recommendations based on soil analyses. If it were possible to 
get only l/2 of the cultivated acreage to apply recommended fertilizer 
applications, the minimum average increase should not be less than 80^. 
This would give an overall average of 40^ increase in agricultural pro­
duction in the Sierra without increasing land under cultivation. In all 
probability, by using rec (amended application rates based on soil 
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analyses, the average increase in production would be closer to 100^ on 
fertilizer land. This would be a big step in the direction of achieving 
the desired increase in agricultural production. 
Recommendation for a fertilizer promotion campaign 
A 5 year promotion plan should be started as a minimum. In the 
beginning, it should be concentrated in one or two valleys each in the 
Coast, Sierra, and Selva, and expanded as rapidly as knowledge and 
experience permit. In addition to the concentrated efforts in these 
valleys, each COMFER agency should put five to ten demonstration plots 
in well chosen sites. The general overall plan should include the 
following: 
1. field demonstrations using soil samples as a guide to fertilizer 
application, 
2. documented results on slides with testimonials recorded on tape 
and movies with sound track. 
3. documented method of application on slides and movies with 
sound track, 
4. all communication systems available to advertise and promote 
fertilizer use, and 
5. a training school for producers, dealers, and salesmen. 
The demonstrations conducted by each CONAFER agency should be con­
ducted the same as the intensive efforts in each valley.The results 
^^The demonstrations would not have to be limited to CONAFER 
offices, but could be extended to S.I.P.A. and/or private outlets as 
well. 
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of the first year would be intensively publicized immediately after 
harvest and just before planting tirae in fertilizer clinics, farmers' 
association meetings, movie theaters, newspapers, radio, television, and 
any other possible means of disseminating information, and then publi­
cized less intensively during the rest of the year. With the results of 
the first year and/or previous years, the program could be expanded and 
improved using the same methods of documentation for a continuous publicity 
program. 
As an incentive, premiums could be awarded to the agencies that pro­
duce the best demonstration plots and to farmers that have highest yields 
and/or yield increases. These prizes could come from contributions of 
the fertilizer producers and distributors in an effort to help the promo­
tion program improve. 
The first training program should be started at least three months 
prior to the promotional campaign. This would provide the necessary time 
required to train both private and public personnel to execute the promo­
tional campaign. The accumulated results of each year's promotional 
efforts should be tabulated and incorporated into the training course. 
The succeeding training programs should be held during the period of 
minimum sales to permit a larger attendance. It is suggested that the 
training course be non-technical and oriented towards teaching producers 
how to train salesmen and help dealers train salesmen using the above 
suggested desirable dealer characteristics and services as a guide line. 
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Evaluation of existing agencies that could be utilized in _a fertilizer 
promotion campaign 
There are several agencies that could be used to promote fertilizer 
use in Peru. Among these are the Agrarian Development Bank, S.I.P.A., 
and CONAFER. The Agrarian Development Bank (referred to as the Banco) 
could cooperate in a promotion campaign by giving preference to 
fertilizer loans and/or by giving low interest rate loans for fertilizer 
purchases. The Banco does not have the means to carry out demonstration 
or other promotional activities. 
S.I.P.A. has many trained extension agents strategically located 
throughout Peru. It is possible to use these agencies as propaganda 
centers for a demonstration and promotion campaign. However, it does 
not appear feasible to turn these agents into effective sales and dis­
tribution agencies. 
CONAFER has some 20-30 outlets throughout Peru. CONAFER also depends 
on fertilizer sales for its operating revenues. In this respect, it 
seems more logical that fertilizer promotion and demonstration should 
proceed through this government agency. 
It is recommended that an effective fertilizer demonstration and 
promotion campaign can be initiated and carried out through cooperation 
among CONAFER, S.I.P.A., and the private sector. CONAFER should receive 
funds and technical assistance for a demonstration and promotion cam­
paign. The procedure recommended would be to make funds available through 
CONAFER for fertilizer purchases for any private dealer and/or farmer in 
the following manner: 
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1. a 2$ commission be received by CONAFER for costs of adminis­
tering the fund, 
2. a charge of 2^ be put in a special fund for defaults due to 
crop failure (drought, freezes, etc.), to be managed jointly 
between CONAFER and the private sector, 
3= a 2^ charge be kept in an interest bearing dollar account fund 
for retirement of the loan or for application to technical 
assistance costs. 
This would make fertilizer, not money, available to farmers for 6^ 
interest either t ^or^h CONAFER or through private distributors. If 
needed, deferred i.i.?..- 'ts could be arranged at Banco interest rates to 
farmers. The interest revenue from the deferred payment loans could be 
put into the third 7$ fund explained above or used for promotional pur­
poses. 
Currently, CONAFER is operating on a similar basis. It sells 
fertilizer to farmers on the same credit terms that it receives on its 
loans. If CONAFER pays 6^ on a loan for fertilizer purchases, this cost 
is added to the CIF price and other costs associated with getting the 
fertilizer to the warehouses. The fertilizer is then sold without 
additional interest for a specified time (90, 160, or 180 days) according 
to the time limit on the original loan. If the farmer renews his loans, 
then additional interest is charged. 
CONAFER would need outside technical assistance in marketing, promo­
tion, and demonstration activities. While CONAFER should have the main 
responsibility for conducting the promotional program, S.I.P.A. and the 
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private sector should be involved in planning the program and have 
important roles to play in implementing the program for this technical 
assistance. 
200 
ACKNOWLEDGMENTS 
This work is the result of the cooperation and help of many people. 
In particular, special recognition should go to ray major professor, Dr. 
Lehman B. Fletcher and to Ing. Luis Paz Silva, Director of the Direction 
of Agricultural Economics in Peru, for selecting and identifying the area 
of study; to Dr. C. Phillip Baumel, Chief of Pary Iowa Mission, for his 
guidance and comments; to the National Fertilizer Corporation of Peru 
for providing physical facilities and clerical assistance; and to the 
personnel in the Peruvian fertilizer production and distribution system 
who gave their time freely for interviews and checking the original draft 
of Chapter II. Within the National Fertilizer Corporation, I extend 
special thanks to Ingenieros Carlos Llosa Belaunde, President of the 
Board of Directors; to Octavio Diez Canseco, General Manager, and Luis 
Gamarra Dulanto, Technical Manager, for their encouragement and assis­
tance in conducting this study; to Ing. Italo Abate C., Ing. Jaime 
Huambachano, and Felix Orm^o J., of the Industrial Studies Section, 
for assistance in data collection and computation; to Jorge Munante, 
Chief of Imported Fertilizer Section, for making fertilizer import data 
available; to Wilber Alba A., draftsman, for his excellent work on 
graphs, charts, and maps ; and to my secretary, Haydee Ortiz, for her 
expert workmanship in preparing the many revisions of this manuscript. 
I would also like to thank Dr. Dave Brown and Dr. John TimmonsTor 
their encouragements and support and Dr. William C. Merrill for his 
assistance in setting up the linear programming model. 
201 
Sincere thanks are also given to Raul Saenz Domingo of the 
Convenio de Cooperacion Tecnica, Estadistica y Cartografia, for 
assisting with the programming of this study. 
This thesis was written during the period January I966 to April 
1968 in Lima, Peru, while employed as a technical advisor to the 
National Fertilizer Corporation from the Iowa Mission, a contract 
financed by USAID/PERU. 
202 
Ln'ERATURE CITED 
1. Aalto, Kalle K. Informe sobre fertilizantes en el Peru. 
Unpublished dittoed report prepared for the Corporacion Nacional 
de Fertilizantes, Lima, Peru. 19^5. 
2. Applied Economic Research. Los Fertilizantes en el Peru. Lima, 
Peru. 1965. 
3. Arthur D. Little Inc. A program for the industrial and regional 
development of Peru. Cambridge, New York. I96O. 
4. Banco Central de Reserva del Peru. Actividades productivas del 
Peru. Analisis y perspectivas. Lima, Peru. I96I. 
5a. Banco de Credito del Peru. Vademecum del Inversionista. 1964-
1965. Lima, Peru. 19^5• 
5b. Beal, George M. and Joe M. Bohlen. A series of nine articles on 
the role of the fertilizer dealer in fertilizer sales and use. 
Commercial fertilizer and Plant Food Industry, Aug. I96O through 
Nov. 1961. Reprint. 
6. Collazos, Carlos et al. La alimentacion y el estado de. nutricion 
en el Peru. Institute de Nutricion. Lima, Peru. I96O. 
7. Compania Administradora del Guano. Memorias 1951. 1957, 1958, 19^1, 
and 1962. Lima, Peru. 
8. Corporacion Nacional de Fertilizantes. Import Registers. 1963-1965. 
Lima, Peru. 
9a. Corporacion Nacional de Fertilizantes. Memorias I963-I965. Lima, 
Peru. 
9b. Ewell, Raymond. World production, consumption and international 
trade in fertilizer. Unpublished paper presented at the 18th Annual 
Midwest Fertilizer Conference, Chicago, Illinois, Feb. I966. 
10. Fabrics de Fertilizantes Nitrogenados del Cuzco. Memorias I963, 
1965, 1966. Lima, Peru. 
11. Gaucher, M. Previsiones de Consume de los abonos en el Peru en 
funcion del desarrollo de la agricultura nacional. Lima, Peru. I962, 
12. Gonzales Tafus, Oswaldo B., Ing. Agronomo, Peru poblacion y 
agricultura. Lima, Peru. 1962. 
203 
13a, Heide, M. Estudio preliminar para el abasteciiniento de las 
industrias de abonos en el Peru. Ministerio de Fomento y Obras 
Publicas. Lima, Peru. I962. 
13b. Iowa Universities Mission to Peru in cooperation with the Agency 
for International Development, Peruvian macro-economic and agri­
cultural prospects and strategy, 1967-1972. Lima, Peru. 196?. 
14. Institute Nacional de Promocion Industrial y Banco Industrial del 
Peru. Situacion de la industria peruana en 196^-1965. Lima, Peru. 
1966. 
15. Labarthe, H. C. et Estudio-de la factibilidad sobre la 
fabricacion de fertilizantes (superfosfatos). Banco Minero del 
Peru. Lima, Peru. 1964. 
16. Manning, Richard C. Analisis economico de la aplicacion de 
fertilizantes al cultivo de la papa en la Sierra. Anales 
cientificos de la Universidad Agraria. Vol. III. No. 1, Lima, 
Peru. 1965-
17. Mathia, Gene A., Lizardo de las Casas M., and Gonzales Silva S., 
A cost analysis of trucking services in Peru. Ministry of 
Agriculture. Lima, Peru. I965. 
18. Peru. Ministerio de Fomento y Obras Publicas. Direccion de 
Industrias y Electricidad. Departamento de Estadistica Industrial. 
Annual reports filled by individual companies. 
19. Peru. Ministerio de Fomento y Obras Publicas. Departamento de 
Estadistica Industrial. Estadistica Industrial. I96I-I963. Lima, 
Peru. 1964. 
20. Peru. Ministerio de Fomento y Obras Publicas. Situacion economica 
y financiera de la fabrica de fertilizantes nitrogenados del Cuzco 
"Cachimayo", sus proyecciones en el mercado mundial de fertili­
zantes. Lima, Peru. I966. 
21. Sulphur Institute. Phosphatic fertilizers properties, and processes. 
Sulphur Institute Technical Bulletin 8. Washington, D.C. U.S.A. 
1964. 
22. Tennessee Valley Authority. Economic evaluation of producing 
mixed fertilizer in India by ammoniation of triple superphosphate 
versus ammoniating phosphoric acid to diammonium phosphate. 
Mimeograph. Muscle Shoals, Ala. I966. 
23. Tennessee Valley Authority. The impact of new technology. 
Fertilizer production and marketing conference, Knoxville, Ala. 
Oct. 1967. 
